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Real estate has traditionally been an important investment vehicle in Asia. In 
the past three decades, because of the fast growth of Asian economy, the 
Asian real estate markets have attracted the attention of global investors. 
However, the studies about the interdependences of real estate markets are 
inadequate, especially for the time varying mean and volatility spillovers 
among Asian securitized real estate markets. This research tries to fill up the 
literature gap.  
This study first analyzed the individual regime switching behavior of 
securitized real estate market returns. The results showed that they shared two 
high volatility regimes in common, which referred to the Asian financial crisis 
and the recent financial crisis period. Further analysis about the probabilities 
shows that China, Taiwan and Japan tend to be more synchronized together 
than with other countries. 
We then use the multivariate VAR-EGARCH model to analyze the 
multilateral mean and volatility spillovers among markets. The spillover 
effects are significant in the sample. We also detected the asymmetric effects 
of innovations. In addition, the comparison of spillovers before and after the 
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global financial crisis was conducted. We found significant volatility spillover 
increase after the crisis. 
The findings in this paper provide valuable implications for academic research 
and the industry to help understand the mean and volatility spillovers in Asian 
securitized real estate markets. The results can be applied in the asset 
allocation and investment strategies in the future. 
1 
 
Chapter One: Introduction 
1.1 Background and Motivation of Research 
In the past twenty years, the number of financial crisis has increased 
significantly in different regions globally. The Asian financial crisis (1997) 
and the subprime crisis (2007) are the biggest two examples of them.  
The Asian financial crisis first start in Thai, where the free float of the Thai 
baht by the Thai government resulted in the collapse of the financial market on 
2nd July 1997.The currency crisis then spread into full financial and economic 
crisis, it not only happened in not only Thailand, but also the entire Southeast 
and East Asian region and the whole world. By August 1997, the crisis was 
spread to the Philippines, Malaysia, Korea, and Indonesia. In only few months, 
these Asian markets which were enjoying fast economic growth began to have 
the worst recession of the last four decades. The impact of the crisis also 
spread to the asset market. In all countries, property value reduced 
significantly, the prices decreased by 30 to 60 percent. The asset markets had 
also felt the impacts of the crisis. Property markets in all these countries 
reduced in value. The second round of Asian financial crisis started with the 
crash of Hong Kong equity market in October 1997. This round of Asian 
2 
 
markets crash also influence the Western markets. Capital ran out of the 
countries in Latin America, Eastern Europe and Africa markets in late 1997. 
There are also some minor shocks in the western developed markets.  
The subprime crisis started in the middle of 2007, it was triggered by the 
decreasing quality of the U.S. subprime mortgages. The crisis quickly 
transmitted to financial markets because the originator of the mortgages 
backed securities had already sold them to third party investors and these 
securities had been used as collateral in market for fund raising. In 2008, the 
subprime crisis had a broader influence; it spilled over to the whole world and 
resulted in a global financial crisis. The stock markets were heavily affected; 
countries with large financial sectors such as Belgium, France, Germany, 
Iceland, Ireland, the Netherlands, Switzerland, United Kingdom and the 
United States suffered most from this financial crunch. 
The above discussion indicates that the impact of the collapse of the Thailand 
and United States was not constrained to the two markets but also to the entire 
region as well some other regions. These phenomenon make us to believe 
countries, especially Asian countries for our interests, are closely linked with 
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each other.  When a crisis happened, the contagion would spread it from one 
country to another country in the Asian region and across regions.  
Real Estate, because of its risk defensive characters, is an important 
investment diversification option for investors. With the increasing listings of 
real estate companies in the stock market, and the success of Real Estate 
Investment Trusts (REITs) in the United States, Australia, Japan, Malaysia, 
Korea and Singapore, securitized real estate has become an important property 
investment vehicle in Asia as well as internationally. However, as observed in 
the financial crisis, real estate markets in different countries tended to collapse 
together, which may decrease the diversification benefit of the asset. Therefore, 
one motivation of my research is to investigate the mean and volatility 
contagion issue of the real estate market.  Another motivation of my research 
is to investigate in only Asian securitized real estate market. We focus on 
Asian real estate market for several reasons. First, Asian culture tends to have 
a preference to invest in real estate; real estate has a huge proportion in the 
Asian Financial market. Second, the growth of Asian economy has attracted 
the attention of investors in the whole world, investors’ interests in Asian real 
estate markets are intensifying. However, investing in Asian public real estate 
markets didn’t receive enough attention, especially the time varying characters 
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of Asian real estate assets over time. Therefore, the research of cross-market 
linkages in Asian real estate is urgently needed. 
1.2 Research Objective 
Based on the purpose stated above, the research objectives of this research are: 
(1) To investigate the returns of individual securitized real estate market 
with regime switching method. Specifically, we want to know whether 
the conditional volatilities of real estate securities market returns 
change over time and whether it displays regime switching behavior. 
We also want to examine whether real estate securities market 
conditional volatility are synchronous across different market overtime. 
(2) To investigate multilateral spillover of Asian securitized market with 
10-variate VAR-EGARCH model. We covered the period of Asian 
Financial Crisis and the most recent Global Financial crisis, and did a 
comparison of the pre- and post- crisis analysis. 
1.3 Sample Selection and Source of the data 
The data of the empirical work consists of weekly property total return index 
of Australia (AU), Japan (JP), Singapore (SG), Hong Kong (HK), Malaysia 
(ML), Philippines (PL), China (CN), Taiwan (TW), UK, US. We included 
5 
 
four Asian developed countries, four Asian emerging countries and two non-
Asian countries; the objective with the selection of these indexes is to compare 
the return volatility characters and transmission behavior of developed and 
developing securitized real estate markets. 
All time series are in US-Dollars to make comparisons between them easier 
and to have one common reference currency. Weekly data were used in order 
to have enough observations to analyze and estimate the different volatility 
states. On the one hand, monthly data does not offer enough observations and 
would make analysis during crisis periods worthless as crises tend to be 
relatively short-lived. On the other hand, daily data would be too noisy to 
analyze and could lead to unclear estimation results (Ramchand and Susmel, 
1998). So, weekly data constitutes a compromise between the desire to have 
the shortest time intervals possible to correctly analyze crises periods, and the 
need to reduce noise within the data.  
The data sources are S&P/Citigroup property total return index. The data 
covered a time period of 15 years from January 06 1995 until March 30 2010. 
This long sample period allows us to address two essential features of real 
estate market co movements the time-varying nature and state-dependent 
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character. In order to calculate the weekly securitized real estate returns the 
standard approximation procedure is used, taking the first difference of the 
price index logarithms.   
1.4 Methodology 
After reviewing the contagion issue, this study includes two chapters. 
First, we are interested in the volatility behaviors of individual real estate 
markets. We focus on the volatility persistence of the financial crisis and the 
potential structure breaks in the volatility process. To do this, we adopted a 
generalized regime-switching GARCH model, as in Gray (1996) and Klaassen 
(2001). Similar to the Hamilton (1989) Markov regime-switching model, this 
model use the Markov model to describe switches between high and low 
variance periods instead of introducing regimes for the mean. This model also 
uses GARCH process to simulate the variance within both regimes in order to 
control volatility dynamics after accounting for variance regimes. Therefore, 
the generalized regime-switching GARCH model captures two sources of 
volatility persistence, namely regime persistence and GARCH persistence. 
This makes the estimation of the volatility persistence of the financial crisis 
using regime-switching GARCH more flexible comparing with the standard, 
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single regime GARCH. In addition, based on the estimation results of the 
generalized regime-switching GARCH analysis of the Asian securitized real 
estate indices, indicators of synchronization are used to assess the degree of 
country synchronization of securitized real estate indices.  
 
Second, we are interested in exploring the multilateral spillovers among the 
ten real estate markets in both the first and second moments.  The method we 
used in this chapter is a multivariate VAR-EGARCH model, we used it to 
describe the lead/lag relationship and volatility interactions, it also explicitly 
account for potential asymmetries that may exist in the volatility transmission 
mechanism. 
1.5 Organization of the study 
This thesis is organized as follows. Section I is the introduction. Section II 
introduces relevant literature about contagion and some of their application in 
the real estate area. In Section III include the basic data description and the 
general background of the Asian real estate markets, Section VI the statistical 
methodology including Generalized Regime Switching Model and indicators 
of synchronization are introduced and their empirical results are discussed, 
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Section V presents the multivariate VAR-EGARCH model and its empirical 
results. Section VI summarizes the results and concludes the paper. 
1.6 Expected contribution of research 
This study hopes to contribute to existing literatures from the following 
aspects: 
(1) Mean and volatility spillover studies about the stock markets are 
enormous. However, the researches about spillovers in securitized real 
estate markets are insufficient. This paper added some empirical 
evidences to the real estate literature. 
(2) The period of the study ranges from January 1995 to March 2010, 
which covered the most recent global financial crisis. The comparison 
of mean and volatility spillovers before and after the latest financial 
crisis is relatively new; it would contribute to the financial crisis 
literatures. 
(3) The division of the financial crisis period is determinedly by the 
generalized SWARCH model. Previous literature tended to segment 
the period manually, the result provided by the generalized SWARCH 
model would be more precise. 
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(4) The fast growing Asian economies had attracted the attentions of 
investors; however the studies about the Asian securitized real estate 
markets inter-link age are relatively few. Including four Asian 
developed and four Asian emerging markets in the study, this paper 
would provide more empirical evidence to the literature and gave some 




Chapter Two: Literature Review 
2.1 Introduction 
The second section of this chapter will briefly introduce the theory of 
contagion, including four transmission channels of contagion. The third 
section reviewed past empirical literatures of stock market mean and volatility 
contagion. The fourth section provided the empirical findings of volatility 
contagion in real estate literatures. The fifth section discussed past studies of 
regime switching. The last section of this chapter summarized the literatures.  
2.2 Theory of ‘Contagion’ 
For the transmission channels of contagion, previous literature provides 
different theoretical explanations. 
 The first one would be common shocks, which include factors that would 
leads to the increased co-movement of stock or real estate markets of several 
countries, such as increased oil price and military conflicts.  
The second one is related to strong trade linkage and competitive devaluations.  
In this case, country A encounters the speculative attacks, then its currency 
was depreciated to enhance its competitiveness in the international trade 
market, which leads to a trade deficit of the competitor country B. The foreign 
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exchange reserve of country B decreases, therefore the possibility for country 
B to encounter speculative attacks increase. The uncertainty may increase the 
volatility of stock and real estate market returns. 
 The third channel is financial linkages between countries and their asset 
markets. In this occasion, when a crisis happens in country A, country B 
would be affected through financial links such as banks, foreign direct 
investment, etc. Investors in country B will choose to change their portfolio, 
and the correlation of assets in both markets increases. 
Another transmission channel is the shift in investor’s sentiments. In this case, 
if the financial market of a country is weak, it is more likely for this country to 
be affected by the negative shocks from other markets. The reason is that 
investors tends to have a herd mentality, they would react to shocks happened 
in a similar market and expect what had happened in that market would repeat 
in the whole region, which results in the quick transmission of crisis. 
2.3 Empirical past findings of stock market volatility spillover 
The empirical studies of cross-border linkages of stock market returns are 
enormous. This may due to the implications of modeling links for trading and 
hedging strategies and the transmission of shocks across markets. With the 
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improving econometric modeling of volatility, researches of stock markets 
interdependencies had focused on both first and second moments return 
distributions. 
Regarding to the research regions, studies of spillovers across different stock 
markets initially mainly focused on developed countries. After the US stock 
market crisis in October 1987, researchers showed great interest in the 
spillovers across major markets before and after the crash, studies included 
Hamao, Masulis and Ng (1990), King and Wadhwani (1990) and Schwert 
(1990). Subsequent research improved on past research from different aspects, 
they examined spillovers with higher frequency data (Susmel and Engle, 
1994); the asymmetry effects of positive and negative shocks (Bae and 
Karolyi, 1994; Koutmos and Booth, 1995); different influence of global and 
local s hocks (Lin, Engle and Ito, 1994) and studies covered a larger group of 
advanced markets (Theodossiou and Lee, 1993; Fratzscher, 2002). 
With the economic growth and increasing openness of the emerging markets, 
as well as the transmission of past financial crises in emerging market 
economies (EMEs) spread to other countries, research interest in cross-border 
links in emerging stock markets had been growing.  Bekaert and Harvey (1995, 
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1997, 2000) and Bekaert, Harvey and Ng (2005) studied a group of emerging 
markets, including Africa, Asia, Latin America, and the Mediterranean, they 
analyzed the implications of growing integration with global markets for local 
returns, volatility, and cross-country correlations. Other studies of EME stock 
markets focus on specific regions. Scheicher (2001), Chelley-Steeley (2005), 
and Yang, Hsiao and Wang (2006) examine extent and effects of stock market 
integration in Central and Eastern Europe, the aspect of which including 
within the region and with advanced markets, while Chen, Firth and Rui (2002) 
studied on evidence of regional stock markets linkages in Latin American. 
Floros (2008) focuses on the Middle East market.  While Ng (2000), Tay and 
Zhu (2000), Worthington and Higgs (2004), Caporale, Pittis and Spagnolo 
(2006), Engle, Gallo and Velucchi (2008), and Li and Rose (2008) studied 
stock markets in developing Asia markets. 
The result of market integration and co-movement between different markets 
is inconclusive. Some research supported the increasing co-movement 
argument. Using a simultaneous equations model, Koch & Koch (1991) 
described the relationship across eight major markets from 1972 to 1987, 
finding evidence that markets within the same geographic region have a 
tendency to become more interdependent over time. Kasa (1998) analyzed five 
14 
 
major markets between 1974 to 1990 with monthly and quarterly data; he 
found a common trend driving all five markets. Previous studies of volatility 
spillovers include Hamao et al. (1990), Bae & Karolyi (1994) and Koutmos & 
Booth (1995), which related to the linkages between the London, Newyork 
and Tokyo markets. Karolyi (1995) examined the US and Canadian markets, 
Ng et al. (1991) analyzed major Pacific-Rim markets, while Theodossiou & 
Lee (1993) examined a number of major international markets. Kanas (1998) 
and Garvey & Stevenson (2000) both examined major European markets on a 
daily and intra-daily basis respectively. In most cases, the volatility spillover 
effects were significant as being present in the series analyzed. The study of 
King and Wadhwani (1990), Lee and Kim (1993), and Calvo and Reinhart 
(1996) suggested that financial contagion was indeed exist during every major 
financial crisis in the past years. Forbes and Rigobon (2002), Corsetti et al. 
(2002) supported financial contagion for at least five countries using one of 
the leading case studies. Hamao et al (1990) and Edwards (1998) used the 
ARCH and GARCH econometric framework to show the existence of 
significant volatility spillovers across countries during financial crises. Kroner 
and Ng (1998), Engle and Sheppard (2001), Sheppard (2002), and Edwards 
and Susmel (2003) use some type of multivariate GARCH or bivariate 
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SWARCH parameterization of the variance-covariance matrix. Bessler and 
Yang (2003) solved this issue by improving the vector error correction model 
(VECM) in order to identify the contemporaneous structural dependence in the 
neighborhood of the financial crisis. 
In contrast, some other studies rejected the presence of integration or 
contagion among markets.  Kwok (1995) looking at four Asian markets, 
Mathur & Subrahmanyam (1990) and Chan, Gup & Pan (1992) looking at 
Asian markets and the US market, found limited presence of integration. 
Boyer, Gibson and Loretan (1999), Loretan and English (2000), and Forbes 
and Rigobon (2002) have suggested an adjustment to the correlation 
coefficient, which under very specific conditions can account for the 
heteroskedasticity bias and, subsequently, rejected the financial contagion 
hypothesis and supported an only interdependence hypothesis.  
In addition, three approaches are generally used to test empirically for 
contagion, which are GARCH and regime-switching models, cointegration 
techniques, and cross-market correlation coefficients. 
Cointegration tests based on a GARCH or regime-switching framework are 
used to find evidence of significant volatility spillovers from one market to 
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another. For example, Gravelle, Kichian, and Morley (2006) used a Markov 
regime-switching model to accommodate structural changes to make 
inferences and to test shift-contagion. Two notable features are that the timing 
of changes in volatility is endogenously estimated and the countries in which 
crises originate need not be known. A cointegration-based approach (Yang et 
al. 2006) examines the long-run price relationship and the dynamic price 
transmission. However, this approach does not specifically test for contagion 
since cross-market relationships over long periods could increase for a number 
of reasons. In addition, this approach could miss periods of contagion when 
cross-market relations only increase briefly after a crisis. 
The most common approach of testing for contagion is based on cross-market 
correlation coefficients. This approach measures the correlation in returns 
between two markets during the stable times, and then tests for a significant 
increase in this correlation coefficient after a shock. A significant increase of 
the correlation coefficient suggests that the transmission mechanism between 
the two markets increased after the shock and contagion has occurred. A 
notable study by King and Wadhwani (1990) examines the correlation 
coefficients changes between different markets after the U.S. stock market 
crash of October 1987. Their empirical results showed that the volatility 
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correlation coefficients of stock markets between the United States, the United 
Kingdom, and Japan increased significantly after this crash. Calvo and 
Reinhart (1996) use this approach to test for contagion in stock prices and 
Brady bonds after the 1994 Mexican peso crisis. They find that cross-market 
correlations increased for many emerging markets during this crisis. Baig and 
Goldfajn (1998) analyze the stock market returns, interest rates, sovereign 
spreads, and currencies of five Asian countries. They find that, for each 
variable, correlation coefficients across countries are significantly higher in 
the period July 1997-May 1998 than in period January 1995-December 1996. 
These tests reach the same general conclusion: there was a statistically 
significant increase in cross-market correlation coefficients during the 1987 
U.S. stock market crash, 1994 Mexican peso crisis, and 1997 East Asian crisis 
and contagion occurred. However, using a simple linear framework, Forbes 
and Rigobon (2002) show that the correlation coefficient underlying these 
tests is actually conditional on market volatility. As a result, during a crisis 
when market volatility increases, estimates of cross-market correlations will 
be biased upward. When their test of the adjusted-correlation coefficient is 
used to test for contagion, there is virtually no evidence of a significant 
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increase in cross-market correlation coefficients during the 1987 U.S. stock 
market crash, 1994 Mexican peso crisi, and 1997 East Asian crisis. 
2.4 Empirical findings of volatility spillover in real estate literature 
Although there are enormous studies on the inter-linkages of international 
stock markets’ conditional volatility, the attention devoted to such studies in 
the area of international real estate markets is much more inadequate. This is 
possibly because of the low frequency and short period of real estate 
transaction data series. Early studies in this area focused on the unconditional 
real estate returns and volatilities. For example, Worzala and Sirmans (2003) 
reviewed the international real estate stock literature and compared the 
diversification benefit of a mixed-asset portfolio and a pure real estate 
portfolio. 
Okunev and Wilson (1997) investigate whether real estate and stock markets 
are cointegrated with a non-linear model, which allows for a stochastic trend 
term as opposed to a deterministic drift term. Their conventional cointegration 
tests were in favor of the view that real estate and stock markets are segmented, 
whereas their nonlinear model indicates a non-linear relationship between the 
stock and real estate markets. 
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Eichholtz et al. (1998) found real estate market segmentation between 
continents but suggested integration within continents. Liu and Mei (1998) 
strengthened that international public property markets are segmented and that 
international diversification in real estate would provide benefit. Employing 
Philips–Perron unit root and Johansen cointegration tests, Chaudhry el al. 
(1999) studied the long-run stochastic properties of the US NCREIF direct real 
estate indices by geographical region as well as investigated their linkages 
with financial assets from 1983 to 1996. Their results shed lights on linkages 
among real estate assets and between real estate and financial assets and also 
provide a framework for creating diversified portfolios. Gordon and Canter 
(1999) investigate the cross-sectional and time-series differences in correlation 
coefficients between property stocks and broader equity indices in 14 
countries. They find that correlation coefficient tends to change over time and, 
in several of the countries studied, there is a discernable trend toward 
integration or segmentation of the property stocks with the broader equity 
markets. Garvey et al. (2001) examine the linkages between the four largest 
Asia-Pacific public real estate markets (Australia, Hong Kong, Japan and 
Singapore) using GARCH models. They found little volatility linkage among 
these markets and underlined the diversification opportunities available within 
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these Pacific-Rim markets. Their long-term analysis finds limited evidence of 
cointegration between the markets. Using cointegration analysis which 
considers structural breaks/regime shifts in time-series returns, Wilson and 
Zurbruegg (2001) suggested that their sample of international real estate 
markets (UK,, Japan and Australia) are inter-related, particularly with the US 
market. Liow, Ooi and Gong (2003) used an extended EGARCH (1, 1) model 
and found weak mean transmission and lack of significant evidence of cross-
volatility spillovers among the Asian and European property stock markets. 
Liow and Zhu (2005) took a causality perspective and found that international 
real estate markets were generally correlated in returns and volatilities 
contemporaneously and with lags. The US and UK markets significantly affect 
some Asian markets such as Singapore, Hong Kong, Japan and Malaysia in 
either mean or return volatility at different lags. Finally, Liow and Yang (2005) 
found evidence in support of fractional cointegration between securitized real 
estate prices, stock market prices and macroeconomic factors in the Asia-
Pacific economies of Japan, Hong Kong, Singapore, Malaysia and the US. 
Zhu and Liow (2005) also employed GARCH models to study the volatility 
linkage between Hong Kong and Shanghai securitized property markets. They 
found that the volatility of Hong Kong property shares would spillover to 
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Shanghai property stocks over the study period from 1993 to 2003. However, 
their sub-period analysis suggested that the volatility spillover effect has 
changed from Shanghai property stocks to Hong Kong property stocks in 
recent years. 
With regard to the Asian financial crisis, Kallberg et al. (2002) found that the 
crisis has reduced real estate returns and increased real estate volatility and 
correlation with other asset classes. Wilson and Zurbruegg (2004) examined 
whether there was contagion from the Thailand securitized real estate market 
to four other Asia-Pacific property markets (Australia, Hong Kong, Malaysia 
and Singapore) with conditional and unconditional correlation analysis. They 
found evidence of some contagion effect from Thailand to Hong Kong and 
Singapore during the period between early July and late October 1997. They 
also found that the impact of equity markets was more relevant in affecting 
other financial markets than the property markets themselves. Michayluk, 
Wilson and Zurbruegg (2006) constructed synchronously priced indices of 
securitized property listed on NYSE and LSE and then examined dynamic 
information flows between the two markets. They showed that the real estate 
markets of these two countries experienced significantly interaction on a daily 
basis, and the positive and negative news would have different impact on the 
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market. Bond et al. (2006) studied how unanticipated shocks are transmitted 
through real estate securities and stock markets of the major developed 
economies of Asia-Pacific region (Australia, Japan, Singapore and Hong Kong) 
over the 1997 Asian financial crisis period. Finally, Gerlach et al. (2006) 
explored the question of whether the Asia-Pacific public real estate markets 
including Japan, Malaysia, Hong Kong and Singapore are inter-related as well 
as whether the inter-linkages are impacted by the Asian financial crisis. Using 
cointegration analysis, they showed that the property markets are integrated 
despite a structural shift occurring at the time of crisis. Their supplementary 
results indicated that diversification benefits in the Asia-Pacific region were 
actually less than that suggested by cointegration analysis without considering 
the crisis. 
2.5 Past Study of Regime Switching 
In 1989, Hamilton wrote an influential paper which has suggested Markov 
switching techniques as a method for modeling non-stationary time series. In 
the Hamilton (1989) approach, the parameters are viewed as the outcome of a 
discrete-state Markov process. 
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The shift can’t be observed directly, whether the shifts have occurred can only 
be inferred from the change of probabilities. Hamilton used the model to study 
the US business cycle in his study. In 1993, Goodwin used the Hamilton 
model and extended the business cycle study to eight developed market 
economies. In 1994, the time varying transitional probabilities was included in 
the Hamilton model by Filardo to further analyze the business cycle. Engle 
(1994) used the Markov switching model to model the behavior of floating 
exchange rates. In 1996, Garcia and Perron extended the two regime model to 
three regimes and applied it to study both the mean and variance of the U.S, 
real interest rate from 1961 to 1986. 
The regime switching model has also been widely used in the stock market. In 
1989, Schwert used a model which permitted both high and low volatility 
regimes and adopted a two-state markov chain process to control the return 
distributions. Turner, Startz and Nelson (1989) used a Markov switching 
model and permitted the mean and variance to change between regimes. They 
investigated univariate forms with constant transition probability using the 
1946 to 1989 S&P data. Hamilton and Susmel (1994) allowed the model to 
include sudden single changes in volatility. The number of regimes could vary 
from two to four, the latent innovations followed the Gaussian and Student t 
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distributions. The result suggested that markov switching model fits the data 
better than the common ARCH model. Schaller and Van Norden (1997) also 
found that the US stock market excess returns exhibited strong switching 
behavior. Finally, Nishiyama(1998) researched five industrialized countries 
stock market returns, he discovered distinct regimes in the volatility of every 
market, but not in the expected mean return. He also suggested the regime 
persistence and the regime shifts frequency were different among the markets. 
In addition, the inter-market correlations of regimes after the 1987 financial 
crisis were higher than before the crisis. 
Although the studies of the risk-return performance of real estate investment 
trusts and stocks are extensive, including Glascock and Davidson (1985), 
Gyourko and Keim (1992); Han and Liang (1995); Kapplin and Schwartz 
(1995) and Liow (2001).However, these studies mainly assumed that the linear 
risk and return relationship and ignored the structural or regime changes. 
Studies measuring the real estate performance were insufficient. Wilson and 
Okunev (1996) adopted Markov model to research the regime switches in 
securitized real estate risk premia in US, UK, Australia and Japan. The author 
founded that ‘some combined use of the Hamilton model and the standardized 
market procedure may provide a means of identifying changes in market 
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behavior that may prove useful to the portfolio manager’. Lizieri, Satchell, 
Worzala and Dacco (1998) adopted a threshold autoregressive (TAR) model to 
study the regime switching characters of the US REITs and UK property 
companies. Maitland-Smith and Brooks (1999) compared the Markov 
swithing model with the TAR, they suggested that the Markov switching 
model did a better job in capturing the non-stationary features of the US and 
UK commercial real estate return series. Kallburg, Liu and Pasquariello (2002) 
identified regime switches behavior of eight Asian securitized real estate and 
stock markets with the BLS techniques from 1992 to 1998. 
In sum, the existence of regime changes in the mean and volatility of 
securitized real estate suggested different patterns of risk-return behavior and 
state interactions. Therefore, the regime shifts of the securitized real estate 
should be considered in the research. Furthermore, the application of regime 
switching model in the international securitized real estate markets is 





2.6 Summary of Chapter 
This chapter provides a comprehensive review of existing related stock and 
real estate literatures. The main findings can be summarized as: 
(a) Researches about the mean and volatility spillovers in stock market are 
enormous. However, because of the relatively small capitalization of 
securitized real estate and difficulties of acquiring the data of direct 
real estate, studies about the mean and volatility spillovers in 
securitized real estate markets are relatively few. 
(b) The regime switching techniques would automatically discover the 
high and low volatility regimes for returns, while most previous 
financial crisis studies can only set a break date in their analysis 
manually. Integrating the regime switching results into the volatility 
spillover analysis would improve the precision of the analysis.  
(c) The advancement of time series analysis enabled researchers to look at 
not only first moment, but also second moment of return spillovers. 
The multivariate GARCH model is suitable for capturing the mean and 
volatility spillovers among markets, but few past literatures had 
applied it in the securitized real estate studies, especially in the Asian 
context.   
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Chapter Three: Research Data  
3.1 Introduction 
This chapter introduced the data used in this research. Section 2 provides a 
brief overview of international securitized real estate markets investigated in 
this study. Section 3 summarizes the data and gives the data statistics. The 
final section concludes this chapter. 
3.2 Real estate securitized market sample  
This section briefly introduced the background of securitized real estate 
markets in the Australia, Japan, Singapore, Hong Kong, US, UK, Malaysia, 
Philippines, China and Taiwan.  
3.2.1 Australia Securitized Real Estate Market 
Real estate plays a very important role in the Australian economy. The 
influence of Australia property market has been increasing in Asia-pacific 
region. Also in 2004, its performance exceeded the United States and 
United Kingdom. On all categories, it received high score and was mostly 
recognized in term of its legal frame work, the availability and performance 
indices.  
LPT (Listed Property Trust), which is the Australian version of REIT, has 
attracted more than 800,000 investors from domestic and abroad. Since the 
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1900s, the LPT sector in Australia has experienced major structural changes. 
Recently, LPTs have similar performance with the wider share market, and 
been confirmed as a safe asset for investment. In financial crisis period, it 
appears that Australia was not influenced by the financial market crisis. In 
addition, it has been the only market that raised interest rates in 2009 and 
was the only major market to do so. 
3.2.2 Japan Real Estate Securities Market 
Japanese real estate companies have been listed and offering equities under 
the real estate sub-sector of the stock exchange from a long time ago. Japan 
permitted the establishment of REIT in December 2001; it is one of the first 
countries in Asia that established REIT legislation. 
After the World War II, Japan has been actively rebuilding the properties 
that were largely damaged. In the early 1990s, its property market reached 
the peak.  However, in 1990 the real estate bubble busted, after that property 
prices in Japan have been dropping steadily through 2004.In 2005 and 2006, 
there seemed to have some signs of price stabilization and price increase. J-
REITs were thus created in order to increase investor’s investment in the 




The global financial crisis has smaller influence in the Japanese market; 
which indicated that Asia’s historical reliance on the growth of the US 
economy was diminishing as a result of increasing intra-Asia growth. 
3.2.3 Singapore Real Estate Securities Market 
Since 1980s, Singapore has experienced two distinct periods when 
residential property price movements rose and fell in accordance with real 
GDP growth. From 1989 to 1993, private property prices started to pick up 
but were still vulnerable. In 1996, the government introduced anti-
speculation measures, these measures together with the 1997 Asian 
financial crisis, resulted in the collapse of real estate markets in later years. 
During the recent subprime financial crisis, with the recovery began to take 
place in China, Singapore’s property market changed from moribund to 
booming by the end of June 2009. The strong rebound surprised even the 
most optimistic investors. The present average office rental rate is nearly 
40-50% below the peak, but rising quickly. 
The securitized property sector is an important sector in the Singapore 
Stock Exchange (SGX). The majority of the listed property companies 
include a combination of investment and development companies, 
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representing the common stocks of companies with commercial real estate 
ownership. The REITs in Singapore is usually referred to as S-REITs. The 
number of real estate investment trusts listed on the SGX has reached 20, 
the first listed REITs was CapitaMall Trust in July 2002.  
3.2.4 Hong Kong Real Estate Securities Market 
Hong Kong is an island with a high population density and large population 
in limited available land. The Hong Kong property cycles are always 
influenced by the economic cycles. During the recent sixty years there are 
several ups and downs. The property market began to experience a highly 
expanding period in the late 1980s. In 1997, because of the change of 
political control, the property price increased by 50%. However, with the 
influence of Asian financial crisis, the price of properties decreased 30% in 
a short time. After 2000, Hong Kong’s economy had more close integration 
with China mainland economy. The property market rebounded strongly in 
2004. During the recent global financial crisis, the Hong Kong market 
benefits from its exposure to China, it is also slightly affected by global 
economy as a large proportion of the city’s residents and businesses are 
dependent on global trade and finance.  
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Before 1995, property and construction company stocks contributed about 
25% to Hong Kong total stock market capitalization. According to Tse 
(2001), this number increased into 30% by 2001. The significance of listed 
property company shares to the stock market capitalization may result from 
significant capital investment expenditure in the property sector. Real Estate 
Investment Trusts have been introduced in Hong Kong since 2005, there 
have been 7 REITs listings by July 2007. However, most of the REITs 
including Sunlight REIT have not enjoyed success because of their low 
yield. Besides the Link and Regal Real Estate Investment Trust, share prices 
of other REITs except one were significantly below IPO price.  
3.2.5 United Kingdom Real Estate Securitized Market 
United Kingdom is regarded as one of the most important economies in the 
world. The size of UK’s property market is also very big. The market 
capitalization of its real estate market reached 25.6 billion USD by April 1994. 
Since 2000, the property market in UK has been growing quickly because of 
the growing investment interest from foreign investors. By the first half of 
2003, the number of indirect investment vehicles investing in UK real estate 
market had rose to 165, the gross asset value also increased to 28.5 billion 
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pounds. The UK securitized real estate market kept expanding after 2004. At 
the beginning of 2004, the capitalization of UK securitized real estate was 40.8 
billion USD, and the number reached 84.1 billion at Nov 2006. 
REITs were introduced in UK on 1 January 2007; it attracted more attentions 
from investors. The industry paid special attention to the influence of REIT in 
the real estate market. By May 2009, the number of REITs listed on the 
London Stock Exchange has increased to 21; these real estate investment 
trusts included various sectors such as office, retail, industrial and diversified. 
3.2.6 United States Real Estate Securitized Market 
As the largest and most influential economy in the world, the real estate 
market of United States has attracted strong interests from worldwide 
investors. The real estate investment trust also has longer history in United 
States than in other countries and the REITs were established by the Congress 
in 1960. 
The market capitalization of REITs in US has been increasing with a high 
speed. The National Association of REITs suggested that the total market 
capitalization of publicly traded REITs has reached 399 billion USD, while the 
number was only 8.73 billion in 1990.  
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3.2.7 Malaysian Real Estate Securitized Market 
Malaysia is one of the most important Asian market, it enjoyed strong 
economic growth exceeding 8% in each year of 1989-1997 ( D’ Arcy and 
Keogh, 1999). It is also one of the first Asian countries that established listed 
property trust. 
The level that Malaysian institutional investors invested in real estate has been 
low, on average  only 4% of listed property trust units were held by 
institutional investors over 1990-1999 (Ting, 1999). 
In spite of a promising Malaysian national economy and developing real estate 
market over these years, the growth of the listed property trust is not very 
significant. In December 1999, the real estate trust sector constituted less than 
one percent of companies listed on the KLSX, less than 0.1% of the total 
market capitalization of KLSX. 
3.2.8 Philippines Real Estate Securitized Market 
The Real Estate Investment Trusts (REITs) Act was passed into law at the end 
of 2009 in Philippines, thereby the Philippines government agencies are 
preparing the legal framework for the listing and trading of companies holding 
real estate assets. 
34 
 
3.2.9 China Real Estate Securitized Market 
As one of the fast growing economy in the world, the real estate market in 
China has attracted the interest from investors all over the world. The China 
real estate industry has been growing quickly since 1997 and real estate has 
become an important part in the capital market. By 2008, 131 real estate 
companies have listed on the domestic stock market, and the total market 
capitalization of the 20 largest Chinese real estate companies was 1394.7 
billion RMB.  
China currently doesn’t have real estate investment trust in its market, but the 
government are in the process of considering and deliberating on the 
legislative frameworks for setting up REITs.  
3.2.10 Taiwan Real Estate Securitized Market  
Taiwan saw the successful launch of its first REIT in March 2005. The first 
REIT had a market capitalization of US$ 186 million. After the success of the 
launching of the first REIT, other property companies also showed their 
interests in listing their properties. However, the growth prospective of REITs 
in Taiwan is limited because REITs are restricted to be closed-end funds. 
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3.3 Research data and Preliminary analysis 
The data of the empirical work comes from the weekly property total return 
index of S&P/Citigroup database (dividends are included). Countries included 
are Australia (AU), Japan (JP), Singapore (SG), Hong Kong (HK), Malaysia 
(ML), Philippines (PL), China (CN), Taiwan (TW), UK, US. Among these 
countries, four Asian developed countries, four Asian emerging countries and 
two non-Asian countries are selected; the objective with the selection of these 
indexes is to compare the return volatility characters and transmission 
behavior of developed and developing securitized real estate markets .All time 
series are in US-Dollars to make it easier to compare. We use weekly data 
because we want to have enough observations to analyze and estimate the 
different volatility states and weekly data constitutes a compromise between 
the desire to have the shortest time intervals possible to correctly analyze 
crises periods, and the need to reduce noise within the data. Time period of the 
data ranges from January 06 1995 until March 30 2010. We also take the first 
difference of the price index logarithms order to calculate the weekly 
securitized real estate returns.   
All univariate statistics are presented about the data utilized in the estimation 
procedures in order to give some general information on the countries’ 
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securitized real estate markets’ time series (Note that the returns are not 
adjusted for risk). From table 1 we can see the information on the mean, 
standard deviation, t statistics, skewness coefficient, Kurtosis coefficient, and 
the Jerqua-Bera Normality test (JB). As can be seen from the table, the 
average return of securitized real estate in China is the highest, and the 
average return of securitized real estate in Taiwan, Malaysia and Philippines 
are negative. The skewness coefficient, the kurtosis coefficient and lastly 
summarizing in the JB results also indicate that all the time series are fail to be 
normally distributed, which is typical for financial time series. 
In the following sections the individual securitized real estate markets will be 
analysed more deeply with respect to their volatility and conditional variance 
developments over time. Here, the author will look closer at any trends in 
securitized real estate market volatility in general and examine whether 
volatility states may coincide across countries hinting at volatility spill-over or 




Table 1 Univariate Summary Statistics for Securitized Real Estate Return (US$) 
 
Series AU JP SG HK UK US ML PL CN TW 
Observations 795 795 795 795 795 795 795 795 795 795 
Mean 0.000607 0.000148 0.000305 0.000625 0.000459 0.000810 -0.000383 -0.000230 0.000973 -0.000395 
Std. Error 0.014944 0.020737 0.022915 0.020018 0.015635 0.015406 0.023280 0.024465 0.026091 0.022844 
t-statistic 1.145733 0.201013 0.375705 0.879823 0.828042 1.482821 -0.464202 -0.265582 1.051813 -0.486965 
Skewness -1.342784 0.146678 -0.355996 -0.205133 -0.664736 0.439714 0.381640 -0.056401 0.104335 -0.023488 
Kurtosis 18.833866 1.339623 10.590082 4.454920 10.35506 20.76284 14.68225 3.014145 1.943036 1.766795 
Jarque-Bera 11988.824 62.29642 3731.7557 662.9845 3610.448 14305.67 7160.011 301.3644 126.5021 103.4749 
LB(12) for R 51.192* 26.885* 27.576* 8.786 40.747* 88.835* 26.593* 19.365 34.136* 14.787 
LB2(12) for R 309.66* 147.89* 205.14* 140.46* 867.00* 684.42* 231.64* 151.48* 120.45* 80.134* 
Note: Summary statistics relating to weekly returns of securitized real estate in percentage terms. The sample period is January 1995 to March 2010, a total of 
795 observations. * Denotes significance at the 0.05 level at least. The test statistic for skewness and excess kurtosis is the conventional t-statistic. LB (n) and 
LB2(n) is the Ljung-Box statistic for returns and squared returns respectively distributed as χ2  with n degrees of freedom. The critical value at the 0.05 level is 




Figure 1 Stock Indexes of ten securitized real estate markets 
 
 
Note: Figure 1 displayed the property total return indexes of Australia, Japan, Singapore, Hong Kong, United Kingdom, United States, Malaysia, Philippines, 

































































































































































































































































































































































3.4 Summary of the Chapter 
This chapter introduced the data used in the research, gave the background of 
corresponding securitized real estate markets and did some preliminary 
analysis of the data. The main ideas of this chapter are 
(1) Asian Countries tend to have a tradition to invest in real estate. The 
market capitalization of securitized real estate market in Asia is relatively 
small comparing with the United States. However, with the growing 
economy and better legislation fundamental, the Asian securitized real 
estate markets are growing rapidly. 
(2) Property indices of different markets tend to move together and have a 
spike near Year 2007 in common. 
(3) Weekly data is used in order to get enough observations to analyze. 
Weekly data constitutes a compromise between the desire to have the 
shortest time intervals possible to correctly analyze crises periods, and the 
need to reduce noise within the data. 
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Chapter Four: Volatility contagion analysis with Generalized 
SWARCH model 
4.1 Introduction 
This chapter investigates the individual regime switching characteristics of ten 
securitized real estate markets (i.e. Australia, Japan, Singapore, Hong Kong, 
United States, United Kingdom, Malaysia, Philippines, China and Taiwan) 
using the generalized SWARCH model. In addition, we use four indicators of 
synchronization to capture the contagions among these markets. 
4.2 Methodology  
4.2.1 Construction of the SWARCH model 
This section outlines the generalized SWARCH model. The generalized 
SWARCH model utilized in this paper includes the GARCH (1, 1) model, a 
discretized diffusion model motivated by the Cox, Ingersoll, and Ross (1985) 
model, and the Markov regime switching models.  
The generalized SWARCH model is a generalized regime switching model 
because that it is more general than any previous regime switching model. 
Every regime has a different degree of mean reversion to a different long-run 
mean. The conditional variance in each regime takes a very general form 
incorporating GARCH (not just ARCH) effects and level effects consistent 
with a square root process. The switching probabilities are set to have time 
varying character, depending on the level of the relevant variable. The model 
has the following general form: 
∆ݎ௧ ൌ ߤൣߠఓሺܵ௧ሻ, ׎௧ିଵ൧ ൅ ඥ݄ሾߠ௛ሺܵ௧ሻ, ׎௧ିଵሿݖ௧ 
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Where ܵ௧ is the unobserved regime at time t. Not that ׎௧ିଵ  does not containܵ௧   
or lagged value of ܵ௧ . In this paper ܵ௧  can take one of two values (either 1 or 
2), although in principle the methodology can be extended to accommodate 
(finitely) more regimes. For notational convenience, restating the above 
expression yields, 
∆ݎ௧ ൌ ߤ௜,௧ ൅ ඥ݄௜௧ݖ௧ 
Where ܵ௧ ൌ ݅. 
The basic concept underlying the generalized SWARCH model is simple. The 
parameters of the conditional mean and conditional variance process are 
adjusted to take two different values, which depend on the value of the latent 
regime indicator. The model can easily be generalized to allow not only the 
parameters but also the functional forms to vary over regimes. If conditional 
normality is assumed for each regime, for example, the conditional 
distribution of   is a mixture of distributions, which is   in regime 1 and   in 
regime 2, that can be written as  
∆ݎ௧|׎௧ିଵ~ ൜
ܰሺߤଵ௧, ݄ଵ௧ሻ  ݓ. ݌.  ݌ଵ௧,
   ܰሺߤଶ௧, ݄ଶ௧ሻ  ݓ. ݌.  ሺ1 െ ݌ଵ௧ሻ,
 
Where ݌ଵ௧ ൌ Pr ሺܵ௧ ൌ 1|׎௧ିଵሻ 
4.2.1.1 Specification of the conditional means 
In the most general version of the model examined in this paper, the functional 
form of the conditional mean incorporates mean reversion in the standard way 
so that  
ߤ௜௧ ൌ ߙ௜ ൅ ߚ௜ݎ௧ିଵ. 
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Within this framework, the conditional mean and variance was allowed to 
have an even more general parameterization. For example, the means could be 
autoregressive moving average, ARMA (p,q), and the variances could be 
GARCH (p,q). The parameterization utilized here, represents a balance 
between flexibility and parsimony. 
4.2.1.2 Specification of the conditional variances 
The empirical evidence on the volatility of the short-term stock return 
implicates that two factors are important. First, large (small) changes tend to 
be followed by large (small) changes. This volatility clustering is usually 
simulated by GARCH-type models. Second, volatility tends to be higher when 
the stock return is high. This level effect is usually captured by diffusion-type 
models. 
To model the conditional variance function, a specification that incorporates 
both GARCH and level effects is needed. Cai (1994) and Hamilton and 
Susmel (1994) have both argued that regime switching GARCH models are 
essentially intractable and impossible to estimate because of the dependence of 
the conditional variance on the entire history of the data in a GARCH model. 
That is, the distribution at time t, conditional on the regime (ܵ௧ ) and on 
available information  ׎௧ିଵ , depends directly onܵ௧ , and also indirectly on    
ሼܵ௧ିଵ, ܵ௧ିଶ, … ሽ due to the path dependence inherent in regime switching 
GARCH models. This is because the conditional variance at time t depends 
upon the conditional variance at time t-1, which depends upon the regime at 
time t-1 and on the conditional variance at time t-2, and so on. Consequently, 
the conditional variance at time t depends on the entire sequence of regimes up 
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to time t. The likelihood function is constructed by integrating over all 
possible paths. For the ݐ௧௛  observation in a K-regime model, there are K 
components of the likelihood function, rendering estimation intractable for 
large sample sizes. To avoid this problem, Cai (1994) and Hamilton and 
Susmel (1994) develop regime-switching models in which the conditional 
variance in each regime is characterized by a low-order ARCH process. 
The problem of path dependence, however, can be solved in a way that 
preserves the essential nature of the GARCH process (including the important 
persistence effects) and also allows tractable estimation of the model. Recall 
form previous equation that in the generalized SWARCH model, the 
conditional density of the stock return is essentially a mixture of distributions 
with time-varying mixing parameter. If conditional normality is assumed 
within each regime, the variance of changes in the short rate at time t is given 
by 
݄௧ ൌ ܧሾ∆ݎ௧ଶ|׎௧ିଵሿ െ ܧൣ∆ݎ௧ ห׎௧ିଵ൧
ଶ
 
ൌ ݌ଵ௧ሺߤଵ௧ଶ ൅ ݄ଵ௧ሻ ൅ ሺ1 െ ݌ଵ௧ሻሺߤଶ௧ଶ ൅ ݄ଶ௧ሻ െ ሾ݌ଵ௧ߤଵ௧ ൅ ሺ1 െ ݌ଵ௧ሻߤଶ௧ሿଶ 
 
Where ݄௧, which is not path-dependent, can be used as the lagged conditional 






݄௜௧ ൌ ߱௜ ൅ ܽ௜ߝ௧ିଵଶ ൅ ܾ௜݄௧ିଵ 
݄௧ିଵ ൌ ݌ଵ௧ିଵሾߤଵ௧ିଵଶ ൅ ݄ଵ௧ିଵሿ ൅ ሺ1 െ ݌ଵ௧ିଵሻሾߤଶ௧ିଵଶ ൅ ݄ଶ௧ିଵሿ








ۓ݄ଵଵ ൌ ߱ଵ ൅ ܽଵߝ଴ଶ ൅ ܾଵ݄଴ ቊ
݄ଶ|ଵ,ଵ ൌ ߱ଵ ൅ ܽଵߝଵ|ଵ
ଶ ൅ ܾଵ݄ଵ|ଵ
݄ଶ|ଵ,ଶ ൌ ߱ଶ ൅ ܽଶߝଵ|ଵ
ଶ ൅ ܾଶ݄ଵ|ଵ
݄ଵଶ ൌ ߱ଶ ൅ ܽଶߝ଴ଶ ൅ ܾଶ݄଴ ቊ
݄ଶ|ଶ,ଵ ൌ ߱ଵ ൅ ܽଵߝଵ|ଶ
ଶ ൅ ܾଵ݄ଵ|ଶ
݄ଶ|ଶ,ଶ ൌ ߱ଶ ൅ ܽଶߝଵ|ଶ
ଶ ൅ ܾଶ݄ଵ|ଶ
 
Figure 2. This figure describes the evolution of conditional variances in a path-
dependent GARCH model. Each conditional variance depends not only on the current 
regime but also on the entire past history of the process since the tree is not 
recombining. This is the literal extension of the Markov-ARCH models described in 
Cai (1994) and Hamilton and Susmel (1994) to incorporate the persistence associated 
with GARCH effects.  
The evolution of regimes is made precise in the subscripts to the conditional 
variances so that ݄ଶ|ଵ,ଶ , for example, represents the conditional variance at 
time 2, given that the process was in regimes 1 and 2, respectively, at times 1 
and 2. Similarly, ߝଵ|ଶ, for example, represents the unexpected change in the 
short rate at time 1, given that the process was then in regime 2. ߱௜, ܽ௜, and 
ܾ௜, ݅ ൌ 1,2, are unknown parameters to be estimated.  
ߝ௧ିଵ ൌ ∆ݎ௧ିଵ െ ܧሾ∆ݎ௧ିଵ|׎௧ିଶሿ 
ൌ ݎ௧ିଵ െ ሾ݌ଵ௧ିଵߤଵ௧ିଵ ൅ ሺ1 െ ݌ଵ௧ିଵሻߤଶ௧ିଵሿ 
Figs. 2 and 3 show the difference between the path-dependent approach of Cai 
(1994) and Hamilton and Susmel (1994) and the non-path-dependent approach 
derived above. In the path-dependent approach, ݄ଵ௧(the conditional variance 
whenܵ௧ ൌ 1) is different if the process is staying in regime 1 (ܵ௧ିଵ ൌ 1) than 
if the process is switching from regime 2( ܵ௧ିଶ ൌ 2ሻ. Further, the conditional 
variances at time t -1 depend on which regime the process was in at time t-2 
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and so on, In the generalized SWARCH model developed above, this path 
dependence is removed by aggregating the conditional variances from the two 
regimes at each time step. This single aggregated conditional variance 
(conditional on available information, but aggregated over regimes) is then all 
that is required to compute the conditional variances at the next time step. In 
addition to incorporating GARCH effects, the conditional variance 
specification in the generalized regime switching model also incorporates 
level effects as in the square-root process of Cox, Ingersoll, and Ross (1985). 




Figure 3. This figure illustrates the evolution of conditional variances in a path-
independent GARCH model. Each conditional variance depends only on the current 
regime, rather than the entire past history of the process, since the tree is recombining.  
The conditional variances depend not on the evolution of regimes but only on the 
current regime so that ݄ଶ|ଵ, for example, represents the conditional variance at time 2, 
given that the process is then in regime I. Similarly, ߝଵ|ଶ, for example, represents the 
unexpected change in the short rate at time 1, given that the process was then in 
regime 2. At each point in time, dependence on the regime can be "integrated out" by 
summing over all possible regimes to construct the variance conditional on 
observable information but not on the regime. For example, ݄ଵ  represents the 
variance of changes in the short rate at time 1 conditional on observable information, 
ߤଵ|ଶ, for example, is the expected change in interest rates at time 1 given that the 
process is then in regime 2 and ݌ଵis the probability that the process is in regime 1 at 
time 1. Conditional on available information. where ߱௜, ܽ௜, ܽ݊݀ ܾ௜, ݅ ൌ 1,2, are 
unknown parameters to be estimated.  
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It was that ߛ is set to 0.5 rather than estimated as a free parameter. This is 
because that  ߛ  and ߪ  are highly collinear, rendering interpretation of 
individual parameter estimates questionable at best. Furthermore, fixing 
ߛ ൌ 0.5  avoids potential nonstationarity concerns associated with ߛ  > 1. 
Moreover, since ߛ is scale-invariant and ߪ is not, it makes more sense to fix ߛ 
and estimate ߪ a rather than the reverse.  
4.2.1.3. Specification of the switching probabilities  
The parameterization of the latent regime indicator St is the only remaining 
part of this model. Following Hamilton (1989) ܵ௧ can be parameterized as a 
first-order Markov process. The most common approach in the literature is to 
use a constant matrix of transition probabilities:  
Prሾܵ௧ ൌ 1|ܵ௧ିଵ ൌ 1ሿ ൌ ܲ, 
Prሾܵ௧ ൌ 2|ܵ௧ିଵ ൌ 1ሿ ൌ ሺ1 െ ܲሻ, 
Prሾܵ௧ ൌ 2|ܵ௧ିଵ ൌ 2ሿ ൌ ܳ, 
Prሾܵ௧ ൌ 1|ܵ௧ିଵ ൌ 2ሿ ൌ ሺ1 െ ܳሻ, 
 
The recursive nature of this Markov structure, however, can be exploited in 
such a way as to make the extension to time varying transition probabilities 
straightforward. In the generalized SWARCH model, the switching 
probabilities are dependent on the level of the short rate. In particular,  
௧ܲ ൌ ׎ሺܿଵ ൅ ݀ଵݎ௧ିଵሻܽ݊݀ ܳ௧ ൌ ׎ሺܿଶ ൅ ݀ଶݎ௧ିଵሻ where ܿ௜  and ݀௜ , i=1,2, are 
unknown parameters and  ׎ሺ. ሻ is the cumulative normal distribution function 
which ensures that 0< ௧ܲ, ܳ௧<1. Thus the GRS model takes the form of Eq. (6), 
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with conditional means in Eq.(7), conditional variance in eq (9), and transition 
probabilities ௧ܲ and ܳ௧, 
Finally, note that both mean reversion and leptokurtosis can be caused by the 
switches between regimes if the switching probabilities are correlated withݎ௧ିଵ. 
To see this, suppose that changes in short-term interest rates are parameterized 
as being distributed  ܰሺߙ௜, ߪ௜ଶሻ  in regime i. Mean reversion exists if  
ܿ݋ݒሺ∆ݎ௧, ݎ௧ିଵሻ ൏ 0. But  
ܿ݋ݒሺݎ௧ െ ݎ௧ିଵ, ݎ௧ିଵሻ ൌ ܿ݋ݒሺܧሾݎ௧ െ ݎ௧ିଵ|ݎ௧ିଵሿ, ݎ௧ିଵሻ 
ൌ ܿ݋ݒሺ݌ଵ௧ߙଵ ൅ ሺ1 െ ݌ଵ௧ሻߙଶ, ݎ௧ିଵሻ 
ൌ ሺߙଵ െ ߙଶሻܿ݋ݒሺ݌ଵ௧, ݎ௧ିଵሻ 
Hence, if the regime probability (pଵ୲) is correlated with the level of interest 
rates, then switches between regimes may drive the observed mean reversion 
in the securitized real estate. A similar argument applies with respect to 
conditional heteroskedasticity. 
We are going to compare three types of generalized SWARCH model in the 
later part, namely single regime generalized SWARCH model (GARCH), 
generalized SWARCH model with constant probabilities, and generalized 
SWARCH model with time varying probabilities. The three models all 
considered the ARCH effects. However, France suggested that allowing for 
regimes with different volatility levels solve the problem of the excessive 
GARCH forecasts in volatile periods. The persistence of both regimes yields 
an extra source of volatility persistence compared to standard, single- regime 
GARCH, thereby enhancing the flexibility in describing the volatility 
persistence of shocks. In addition, Filardo (1994) noted that A Markov-
switching model with time varying transition probabilities (TVTP) can 
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characterize the dynamics of business cycles better than the fixed transition 
probability (FTP) version and standard liner time series models. TVTP can 
provide valuable additional information about whether a turning point has 
occurred by incorporating economic time series from the goods and financial 
markets that can help the model forecasting. Filardo (1994) also suggested 
three reasons that time variation may be significant extension of the FTP 
model.  First, the TVTP model allows the transition probabilities to rise just 
before a contraction or an expansion begins; an FTP does not. In an FTP 
model, the transition probabilities are constant before, during, and after 
turning points. TVTP models, however, have the flexibility to identify 
systematic variations in the transition probabilities both before and after 
turning points. Second, the TVTP model may capture more complex temporal 
persistence than an FTP model. Third, TVTP are intrinsically linked to the 
notion of time varying expected durations in the Markov-switching framework. 
As pointed out by Filardo and Gordon (1993), expected durations can vary 
across time in the TVTP model. In an FTP model, the expected duration of a 
phase is constant. 
In sum, with the time varying transition probability and regime switching 
characteristics, we expected the last model- generalized SWARCH model with 
time varying probability is most flexible and have better performance than the 
other two models. 
4.2.2 Indicators of Synchronization 
Indicators of synchronization can help to assess the degree of country 
synchronization of a wide array of time series like GDP figures, share price 
indices and so forth. Specifically, we expected countries with strong historical 
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connection, geographic approximate, economic linkage or real estate market 
linkage would have high indicators of synchronization, such as China, Taiwan 
and Japan. In this paper, we use these indicators based on the estimation 
results of the generalized SWARCH analysis of the Asian securitized real 
estate market indices. In the generalized SWARCH analysis we obtains 
model-calculated smoothed probabilities for different share markets for being 
in a high or a low volatility state at time t. These different probabilities for 
different countries of being in state of “high” or of “low” volatility at time t 
have to be decomposed into an index in order to make statements about the 
degree of synchronization among countries and therefore make a statement 
about possible contagion effects. A first straightforward possibility to assess 
the degree of synchronization between two countries’ probabilities consists of 
comparing the absolute differences of two countries of being in a particular 
regime (state 1 represents low volatility, state 2 high volatility). Countries can 
be considered as being more synchronized the lower this difference is, 
otherwise they are desynchronized. According to Beine, Candelon and Sekkat 
(2003) we can calculate for every pair of countries i and j an indicator, which 
reads as follows:  
ܫଵ ൌ 1 െ
∑ | ௜ܲ ቀݏ௧ ൌ
1
ܫ்






where ௜ܲ,௝ሺݏ௧ ൌ 1/ܫ்ሻ denotes the smoothed probability (based on all 
available information at time T) of country i or j respectively being in regime 
1 at time t. Equation above gives a positive relationship between the indicator 
and the degree of synchronization.  
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Indicator I1 however only gives the difference of the absolute values of 
smoothed probabilities of two countries being in one regime or another. It 
does not distinguish the two states or regimes by themselves. For example, 
country i could have a smoothed probability of being in state 1 of 60% and 
country j of 40%, so the absolute difference would be 20%, which is not much, 
although the two countries would not share the same state at time t if a cut off 
probability of 50% is chosen to assume a country in one particular state. Or at 
the other extreme, two countries could share (according to the smoothed 
probabilities) the same regime at time t but can have still very high I1 values 
(up to 49%) because they do not necessarily have to display similar smoothed 
probabilities. In order to account for this Beine, Candelon and Sekkat (2003) 
propose another indicator I2 that computes the share of the sample during 
which the two countries are in the same regime. I2 is based on a binomic 
indicator I
b,t
, which takes the value 1 if both countries share the same regime 
at time t (both in a “low”, both in a “high” volatility state, or both neither in 
the “low” nor the “high” volatility state) and 0 otherwise. This setup calls for a 
characterization of the “low” and “high” probability regime in terms of the 
smoothed probabilities based on the probabilistic SWARCH model. Hamilton 
(1989), in a paper about business cycles defined a recession (or expansion) to 
be present at time t if the conditional probability of being in regime 1 was over 
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) < 0.3 country i will be considered to 
be in state 2. For values of 0.7 > P
i 
> 0.3 country I is neither in the “low” nor 









This indicator gives the proportion of sample periods in which the two 
countries considered share the same regime of being both simultaneously in 
“low” and in “high” volatility, and the stronger would be the evidence of 
volatility spill-over or volatility contagion among these countries. Problems 
with this indicator might arise because three different situations are possible. 
The two countries can either share the same state or be in opposite states, or 
one country in one state or another but the second country falls in between the 
two threshold values. If the countries are in “inconclusive periods” meaning 




















) > 0.3, I2 would consider the two countries as not sharing the 
same state, so would assign a 0, which is not necessarily correct. One country 
might be slightly above the threshold value and the other one slightly below, 
meaning that contagion still might be present but which would not be 
accounted for by I2. Beine, Candelon and Sekkat (2003) propose a third 
indicator to account for this third inconclusive situation, which still might 
include spill-over or contagion periods among two countries, by constructing 
an indicator I
c,t
, which behaves like the I
b,t 
indicator above but assumes a value 
of 0,5 in the inconclusive situation instead of the 0 before. Thus, indicator I3 














The behavior and interpretation of this indicator is similar to that of I2.  
Lastly, in order to have not just indicators about the presence of 
synchronization or de-synchronization, Beine, Candelon and Sekkat (2003) 
also develop a fourth indicator I4, which measures the duration of 
synchronization and de-synchronization periods previously identified by the 
indicator I2. It might also be interesting for investors in the effected markets 
not only to know whether countries` securitized real estate markets share the 
same volatility state but also how long on average these periods last. This 
could be an important measure to determine the risk of an asset or asset group 
which has significant influence on investment decisions. So, investors might 
find it useful to know as much as possible about the international linkages of 
volatility in order to adjust their investment and hedging decisions accordingly. 
Indicator I4 measures the average length of a synchronization period and is 









denotes the length of a period k during which the indicator I
bt 
= 
1 (see indicator I2 above) and n is the number of periods for which I
bt 
= 1. 
Indicator I4 has to be considered in conjunction with the other indicators 
measuring the frequency of synchronizations. A higher indicator value for I4 
hints at a stronger and on average longer synchronization among two countries. 
A lower value of I4 in combination with higher values of the first three 
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indicators would mean that countries mostly share the same volatility state in 
their securitized real estate markets, but that de-synchronization periods are 
frequent (a higher n) and short-lived. Contrary to this, a high I4 value in 
combination with lower values of the first three synchronization indicators 
means that periods of synchronization and de-synchronization are relatively 
long but not frequent. 
4.3 Empirical Result 
4.3.1 Securitized real estate Market Volatility and Breakpoints 
Result for the single regime generalized SWARCH model 
Estimates of the single-regime version of the generalized SWARCH model 
appear in the first column of table 2. As we can see from the table, the mean 
reversion parameter is insignificant. The level of securitized real estate return 
enters significantly into the conditional variance function. Both GARCH and 
level effects appear to be important in characterizing conditional variances. 
Two factors appear to be important in determining volatility: recent volatility 
and high real estate returns.  
Result for the generalized SWARCH model with constant probability 
Estimates of the generalized SWARCH model with constant probability 
appear in the second column of Table 2.  Note that the regime switching 
parameter of the second column is significant; the log-likelihood value for 
most countries is higher than the simple generalized SWARCH model. 
Therefore, allowing for regime switching in the model have significantly 
improved the explaining power of the model.  
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Result for the generalized SWARCH model with time varying probability 
Allowing the transition probabilities to be state-dependent significantly 
improves the performance of the model. For nearly all the countries, the log-
likelihood value of the generalized SWARCH model with time varying 
probability is higher than the generalized SWARCH model with constant 
probability.  
The economic cause of these results is that in the single-regime model, the 
only source of clustering in volatility comes through the GARCH process. In 
the regime switching model, volatility clustering can be caused by three 
factors. First, the GARCH process in each regime is clearly capable of 
capturing volatility clustering; indeed this is the whole point of GARCH 
models. Second, if the unconditional variance (or average level of conditional 
variance) is higher in one regime than the other, and if regimes are somewhat 
persistent, then periods of high volatility will cluster together during episodes 
of the high-volatility regime. Third, since volatility depends on the level of 
returns, volatility clustering can result during periods of high returns, if returns 




Table 2 Parameter estimates and related statistics for single-regime, 
regime switching constant variance and generalized SWARCH models 
The sample contains weekly securitized property returns reported in annualized 
percentage terms and extends from January 1995 to March 2010, a total of 795 
observations. 
T-statistics are based on heteroskedastic-consistent standard errors. Significance of P 
and Q is relative to 0.5. In the single -regime constant-variance model, the 
standardized residuals are assumed to have a standard normal distribution. In the full 
generalized regime switching model: 
∆ݎ௧|׎௧ିଵ~ ൜
ܰሺܽ଴ଵ ൅ ܽଵଵݎ௧ିଵ, ݒଵ௧ሻ   ݓ. ݌.  ݌ଵ௧ 
ܰሺܽ଴ଶ ൅ ܽଵଶݎ௧ିଵ, ݒଶ௧ሻ   ݓ. ݌.  1 െ ݌ଵ௧ 
 
ݒ௜௧ ൌ ݄௜௧ ൅ ߪ௜
ଶݎ௧ିଵ, 
݄௜௧ ൌ ܾଵ௜ߝ௧ିଵ
ଶ ൅ ܾଶ௜ݒ௧ିଵ, 
ߝ௧ିଵ ൌ ∆ݎ௧ିଵ െ ሾ݌ଵ௧ିଵߤଵ௧ିଵ ൅ ሺ1 െ ݌ଵ௧ିଵሻߤଶ௧ିଵሿ, 
ߤ௜௧ିଵ ൌ ܽ଴௜ ൅ ܽଵ௜ݎ௧ିଶ, 
ݒ௧ିଵ ൌ ݌ଵ௧ିଵሾߤଵ௧ିଵ
ଶ ൅ ݒଵ௧ିଵሿ ൅ ሺ1 െ ݌ଵ௧ିଵሻሾߤଶ௧ିଵ
ଶ ൅ ݒଶ௧ିଵሿ
െ ሾ݌ଵ௧ିଵߤଵ௧ିଵ ൅ ሺ1 െ ݌ଵ௧ିଵሻߤଶ௧ିଵሿଶ, 
݌ଵ௧ ൌ ሺ1 െ ܳ௧ሻ ቈ
݃ଶ௧ିଵሺ1 െ ݌௧ିଵሻ




݃ଵ௧ିଵ݌௧ିଵ ൅ ݃ଶ௧ିଵሺ1 െ ݌௧ିଵሻ
൨, 
݃ଵ௧ ൌ ݂ሺ∆ݎ௧|ܵ௧ ൌ 1ሻ, ݃ଶ௧ ൌ ݂ሺ∆ݎ௧|ܵ௧ ൌ 2ሻ, 
௧ܲ ൌ ׎ሺܿଵ ൅ ݀ଵݎ௧ିଵሻ, ܳ௧ ൌ ׎ሺܿଶ ൅ ݀ଶݎ௧ିଵሻ. 
In the generalized SWARCH model with constant switching probabilities ௧ܲ ൌ ܲ and 
ܳ௧ ൌ ܳ . In the single –regime generalized SWARCH model: ∆ݎ௧|׎௧ିଵ~ܰሺܽ଴ଵ ൅
ܽଵଵݎ௧ିଵ, ݒଵ௧ሻ. 


























0.00 0.64 -0.01 -1.19 -0.01 -0.76
a଴ଵ 
0.01 1.45 -0.04 
-
41.77* -0.04 -28.58* 
ܽ଴ଶ     0.01 1.81 0.01 1.03 a଴ଶ     0.02 5.28* 0.02 41.61* 
ܽଵଵ 0.00 -0.32 0.01 1.83 0.01 1.02 aଵଵ -0.01 -1.36 0.02 41.52* 0.02 28.95* 
ܽଵଶ     0.00 -1.84 0.00 -1.00 aଵଶ     -0.01 -4.93* -0.01 -38.12* 
ܾଵଵ 0.13 5.13* 0.05 0.84 0.05 0.79 bଵଵ 0.08 4.50* 0.12 14.15* 0.48 25.85* 
ܾଶଵ 0.86 33.08* 0.33 3.40* 0.31 1.67 bଶଵ 0.91 46.33* 1.16 60.98* -0.37 -11.75* 
ߪଵ 0.00 5.10* 0.00 -1.55 0.00 -1.15 σଵ 0.00 4.33* 0.00 0.00 -0.02 -36.78* 
ܾଵଶ     0.12 3.12* 0.12 2.92* bଵଶ     -0.06 -2.23* -0.05 -9.93* 
ܾଶଶ     1.13 26.90* 1.11 5.63* bଶଶ     0.87 51.23* 0.96 285.57* 
ߪଶ     0.00 0.69 0.00 0.54 σଶ     0.00 0.80 0.00 9317.3* 
ܲ ܿଵ⁄      0.05 0.29 -2.43 -0.30 P cଵ⁄      0.47 7.92* 1.24 15.20* 
݀ଵ         0.29 0.07 dଵ         -0.08 0.00 
ܳ ܿ⁄ ଶ     0.48 6.61* 0.43 0.17 Q c⁄ ଶ     0.20 8.39* 1.82 62.48* 
݀ଶ         -0.13 -0.15 dଶ         0.24 17.98* 
Log-
likelihood 2465.28   2477.97   2478.00   
Log-
likelihood 0.01 1.45 -0.04 
-


























ܽ଴ଵ 0.00 0.70 0.00 -0.15 0.01 0.54 ܽ଴ଵ 0.01 0.79 0.11 0.54 0.26 19.22* 
ܽ଴ଶ     0.00 0.43 0.00 -0.08 ܽ଴ଶ     0.01 1.09 0.01 16.41* 
ܽଵଵ 0.00 -0.41 0.00 0.01 -0.01 -0.68 ܽଵଵ 0.00 -0.62 -0.08 -0.98 -0.14 -24.81* 
ܽଵଶ     0.00 0.00 0.00 0.49 ܽଵଶ     0.00 -0.94 0.00 -13.92* 
ܾଵଵ 0.11 5.83* 0.01 0.21 0.01 0.17 ܾଵଵ 0.11 4.72* -0.06 -0.82 0.20 2.61* 
ܾଶଵ 0.89 50.27* 2.74 3.65* 3.13 4.20* ܾଶଵ 0.89 40.45* 3.95 1.83 1.92 1.52 
ߪଵ 0.00 6.23* 0.00 0.34 0.00 -0.30 ߪଵ 0.00 3.72* 0.00 0.00 0.00 0.00 
ܾଵଶ     0.11 2.72* 0.11 3.08* ܾଵଶ     0.07 3.82* 0.06 13.78* 
ܾଶଶ     0.56 8.07* 0.60 10.55* ܾଶଶ     0.89 41.36* 0.90 221.42* 
ߪଶ     0.00 1.51 0.00 1.71 ߪଶ     0.00 5.96* 0.00 12.91* 
ܲ ܿଵ⁄      0.10 0.62 9.77 0.73 ܲ ܿଵ⁄      0.03 0.28 -3.79 -2.42* 
݀ଵ         -5.61 -0.80 ݀ଵ         0.81 1.25 
ܳ ܿ⁄ ଶ     0.20 2.92* 0.66 1.24 ܳ ܿ⁄ ଶ     0.00 2.19* 4.59 29.34* 
݀ଶ         0.15 0.70 ݀ଶ         -0.76 -11.81* 
Log-
likelihood 2020.03   2051.23   2052.48   
Log-




























ܽ଴ଵ 0.01 1.31 0.07 91867* 0.07 32.46* ܽ଴ଵ 0.00 1.10 0.04 3.14* 0.02 0.65 
ܽ଴ଶ     0.00 2.86* 0.00 5.95* ܽ଴ଶ     -0.01 -1.99 0.00 -1.11 
ܽଵଵ 0.00 -1.07 -0.03 -91110 -0.03 -36.00* ܽଵଵ 0.00 -0.60 -0.02 -3.19 -0.01 -0.65 
ܽଵଶ     0.00 -0.86 0.00 -2.66* ܽଵଶ     0.00 2.69* 0.00 1.56 
ܾଵଵ 0.13 4.74* -0.16 -3.03 -0.16 -2.97* ܾଵଵ 0.19 4.81* -0.07 -3.32 -0.06 -1.43 
ܾଶଵ 0.82 22.63* 3.96 4.49* 4.19 15.24* ܾଶଵ 0.78 18.23* 2.34 8.92* 2.44 10.64* 
ߪଵ 0.00 6.86* 0.00 0.05 0.00 0.00 ߪଵ 0.00 5.48* 0.00 0.37 0.00 0.00 
ܾଵଶ     0.05 3.27* 0.05 7.65* ܾଵଶ     0.08 2.14* 0.07 1.62 
ܾଶଶ     0.76 27.85* 0.76 60.51* ܾଶଶ     0.56 7.91* 0.51 15.06* 
ߪଶ     0.00 8.37* 0.00 18.67* ߪଶ     0.00 6.36* 0.00 10.97* 
ܲ ܿଵ⁄      0.19 2.58* -0.82 -4.16* ܲ ܿଵ⁄      0.40 4.12* 1.65 1.18 
݀ଵ         -0.01 -0.22 ݀ଵ         -0.76 -1.38 
ܳ ܿ⁄ ଶ     0.03 6.00* 2.11 50.07* ܳ ܿ⁄ ଶ     0.13 3.79* 3.36 2.28* 
݀ଶ         -0.10 -6e8* ݀ଶ         -0.92 -1.45 
Log-
likelihood 2378.08   2405.56   2405.65   
Log-




























ܽ଴ଵ 0.00 1.46 0.01 1.34 0.01 8.48* ܽ଴ଵ 0.01 1.36 0.01 0.00 0.02 3.21* 
ܽ଴ଶ     0.00 0.15 0.00 1.60 ܽ଴ଶ     0.00 -0.46 0.00 0.15 
ܽଵଵ 
0.00 -1.31 0.00 -1.25 0.00 -8.11* 
ܽଵଵ 
0.00 -1.18 -0.01 
-
6872.3 -0.01 -5.45* 
ܽଵଶ     0.00 0.04 0.00 0.05 ܽଵଶ     0.00 1.66 0.00 0.29 
ܾଵଵ 0.10 4.90* 0.02 0.69 0.02 2.39* ܾଵଵ 0.08 3.76* 0.00 0.12 0.01 0.08 
ܾଶଵ 0.90 49.94* 1.61 8.18* 1.42 110.73* ܾଶଵ 0.88 29.28* 1.93 12.92* 1.69 5.18* 
ߪଵ 0.00 4.12* 0.00 0.00 0.00 0.00 ߪଵ 0.00 5.00* 0.00 0.08 0.00 0.05 
ܾଵଶ     0.08 1.74 0.00 -0.55 ܾଵଶ     -0.03 -3.31 -0.02 -10.03* 
ܾଶଶ     0.29 2.94* 0.24 14.98* ܾଶଶ     0.43 26.30* 0.36 2.60* 
ߪଶ     0.00 3.97* 0.00 10.16* ߪଶ     0.01 3.62* 0.01 5.32* 
ܲ ܿଵ⁄      0.47 3.01* 0.62 23.01* ܲ ܿଵ⁄      0.44 14.90* 0.23 0.26 
݀ଵ         -0.13 -8.24* ݀ଵ         -0.05 -0.13 
ܳ ܿ⁄ ଶ     0.59 4.72* -0.15 -3.39* ܳ ܿ⁄ ଶ     0.24 10.37* -0.61 -1.69 
݀ଶ         -0.03 -1.40 ݀ଶ         0.65 10.64* 
Log-
likelihood 2115.21   2143.02   2142.29   
Log-




























ܽ଴ଵ 0.00 -0.08 0.03 2.41* 0.03 2.38* ܽ଴ଵ 0.00 0.60 0.02 2.54* 0.01 1.49 
ܽ଴ଶ     -0.01 -2.27 -0.01 -1.93* ܽ଴ଶ     -0.01 -2.78* -0.01 -18.68* 
ܽଵଵ 0.00 0.23 -0.01 -2.41 -0.02 -2.11* ܽଵଵ 0.00 -0.71 -0.01 -2.24* -0.01 -3.37* 
ܽଵଶ     0.01 2.35* 0.01 2.09* ܽଵଶ     0.00 2.23* 0.00 47.68* 
ܾଵଵ 0.07 5.27* 0.00 -0.24 0.00 -0.23 ܾଵଵ 0.13 3.15* 0.03 0.48 -0.22 -26.06* 
ܾଶଵ 0.92 63.50* 2.03 100.72* 2.01 9.52* ܾଶଵ 0.83 12.83* 0.99 3.96* -1.79 -13.28* 
ߪଵ 0.00 4.70* 0.00 -2.07 0.00 -3.43* ߪଵ 0.00 3.10* -0.02 -6.27* -0.04 -64.55* 
ܾଵଶ     0.09 3.23* 0.08 3.20* ܾଵଶ     -0.02 -4.43* -0.02 -5.62* 
ܾଶଶ     0.64 15.79* 0.66 11.82* ܾଶଶ     0.48 10.13* 0.57 63.55* 
ߪଶ     0.00 -0.52 0.00 0.00 ߪଶ     0.00 0.00 0.00 0.00 
ܲ ܿଵ⁄      0.00 0.00 -5.64 -0.29 ܲ ܿଵ⁄      0.66 6.53* 1.25 6.44* 
݀ଵ         -1.32 -0.14 ݀ଵ         -0.92 -8.71* 
ܳ ܿ⁄ ଶ     0.28 52.23* 0.58 6.88* ܳ ܿ⁄ ଶ     0.20 4.22* 0.93 30.11* 
݀ଶ         0.02 0.15 ݀ଶ         0.17 66992* 
Log-
likelihood 1838.92   1859.77   1859.86   
Log-







Figures 4 contain plots of the ex ante and smoothed probabilities from this 
model. The bottom panel of figures 2 plots the conditional standard deviation 
implied by this model. From the lower parts of figures it is possible to 
distinguish the major shifts or changes in the volatility regime governing the 
development of the individual countries’ securitized real estate market indices. 
One short-coming of this representation of splitting up the time series into 
different qualitative statements about the regime of volatility (in this case two 
states) is that this methodology does not yield any measure of the amplitude of 
volatility. This can only be seen by also looking at the middle panel showing 
the weekly securitized real estate index returns. Nevertheless, the low and high 
volatility states obviously incorporate a range of different rates of returns. One 
example would be that if for a country i a weekly return of 7% is considered 
by the model as belonging to the high volatility state, any larger absolute value 
of the return will also belong to it. In other words no categorization of 
different weekly returns within one state is possible. This could only be 
improved by increasing the amount of possible regimes, which turned out to 
be not possible when the SWARCH (K,q) model with more than K = 2 states 
was estimated. Such a limitation is not detrimental to the analysis because it 
focuses on co-movements in volatility and synchronization of states among 
countries, which is perfectly possible with two states only. 
A closer analysis of figures is interesting. This starts with Australia 
represented in Figure 4  The evolution of volatility state probabilities and 
standard deviations indicate that Australian securitized real estate market do 
exhibit regime switching behavior, it is not very volatile in the normal times.  
The two volatile periods it has are around 1998 and 2008. High volatility 
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period around 2008 seems to be longer lived comparing with the situation 
around 1998. Having a look at the main international financial crises in the 
period sampled, we found they responded to the Asian financial crisis in 1997 
and the subprime crisis in 2007-2008. Australia seems to be more affected by 
the subprime crisis than the Asian financial crisis. During all other periods, 
Australia looks relatively unaffected and did not show significant increases in 
volatility.  
Japan shows a different picture than Australia. The conditional deviation panel 
also showed that there were only two very volatile periods for Japan, which is 
also around the 1997 Asian financial crisis and the 2007-2008 subprime crisis. 
However, Japan seems to be more influenced by the 1997 Asian financial 
crisis than the subprime crisis. The duration of the first period is 7 years but 
the second period which is only 2 years. Moreover, as can be seen from the 
probability panel, during the high volatility period, the probability of staying 
in the high volatility period in the next period is lower comparing with 
Australia. This indicates that high volatility is not persistent in Japan, and the 
high volatility is short-lived.   
In the case of Singapore, there were also two volatile periods for the 
conditional deviation panel, which are also around the 1997 Asian financial 
crisis and the 2007-2008 subprime crisis period. Singapore is also more 
influenced by the 1997 Asian financial crisis than the subprime crisis. The 
probability panel of Singapore is different from Japan. During the high 
volatility period, the probability of staying in the high volatility period in the 
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next period is high. This indicates that high volatility is persistent in Singapore 
securitized market, and the high volatility is long-lived. 
Hong Kong also has two volatile periods for the conditional deviation panel as 
other Asian countries. The probability panel of Hong Kong is similar with 
Australia and Singapore, during the high volatility period, the probability of 
staying in the high volatility period in the next period is high. This indicates 
that high volatility is persistent in Hong Kong securitized market, and the high 
volatility is long-lived. In addition, the first volatile period in Hong Kong is 
longer than Australia and Singapore. 
Then have a closer look at the two control countries, United Kingdom and 
United States.  The volatility behaviors of the two countries are different from 
other countries in the sample.  They seemed not having been influenced by the 
1997 Asian Financial Crisis, the subprime Crisis influence the two countries 
more deeply. In addition, the two countries are also volatile around Year 2002, 
which corresponded to the Argentina crisis at the end of 2001 and the 
beginning of 2002. The probability panels of two countries are similar with 
Australia and Singapore, during the high volatility period, the probability of 
staying in the high volatility period in the next period is high. This indicates 
that high volatility is persistent in UK and US securitized market, and the high 
volatility is long-lived. 
Regarding to the Asian Emerging Markets, Malaysia also has two volatile 
periods for the conditional deviation panel as other Asian countries, which are 
around 1997 Asian Financial Crisis period and 2007-2008 subprime crisis 
period. The securitized real estate market of Malaysia is more volatile and 
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longer in the 1997 crisis period. The probability panel of Malaysia displayed 
that during the high volatility period, the probability of staying in the high 
volatility period in the next period is high. This indicates that high volatility is 
persistent in Malaysia securitized market, and the high volatility is long-lived. 
In Philippines, there are four volatile periods, which responds to the 1997 
Asian financial crisis period, the Brazilian Real devaluation crisis in 1999, the 
Argentina crisis at the end of 2001 and beginning 2002, and the 2007-2008 
Subprime Crisis. The probability panel of Philippine displayed that during the 
high volatility period, the probability of staying in the high volatility period in 
the next period is high. This indicates that high volatility is persistent in 
Malaysia securitized market, and the high volatility is long-lived. 
The securitized real estate markets of China and Taiwan are more volatile than 
other countries. However, China have two distinct volatile periods, which are 
around the 1997 Asian financial crisis period and the 2007-2008 subprime 
crisis period. Taiwan securitized market is volatile all the time, it don’t have 
any distinct volatile period.   The probability panels of the two countries are 
similar with Japan, during the high volatility period, the probability of staying 
in the high volatility period in the next period is lower comparing with other 
countries. This indicates that high volatility is not persistent in Japan, and the 
high volatility is short-lived.   
We also conducted the robustness test of the SWARCH analysis to explore 
whether the results are driven by stock market effects or real estate effects. To 
achieve this goal, we stripped the stock market return out of the securitized 
real estate return and got the residual. We then estimated the SWARCH model 
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on the residuals. Part of the SWARCH model estimation was stated in Table 
2-2. From the first column of the table, we found the mean reversion 
parameters are still insignificant. The level of securitized real estate return 
enters significantly into the conditional variance function. Similar to the 
securitized real estate return, the pure real estate return can be better estimated 
by 2 regime SWARCH model than the single regime SWARCH model as seen 
from the log-likelihood value. The regime switching parameter of the second 
column is significant.  However, when we allow the probability to change with 
regimes, for Australia and Taiwan, the generalized SWARCH model with time 
varying transition probability is not better than the constant probabilities 
SWARCH model. It may be because the levels of pure real estate returns don’t 
have significant impact on the probability for these two countries.  Figure 5 
displayed the smoothed probability and standard deviation of the pure real 
estate returns from generalized SWARCH model. As shown in the Figure 5, 
for most of the countries we studied, the two spikes still exist for most 
countries over the study period -1997 and 2007. Therefore, we conclude the 




Table 2-2 Parameter estimates and related statistics for single-regime, 
regime switching constant variance and generalized SWARCH models 
(residual) 
The sample contains weekly securitized property returns residuals reported in 
annualized percentage terms and extends from January 1995 to March 2010, a total of 
795 observations. 
T-statistics are based on heteroskedastic-consistent standard errors. Significance of P 
and Q is relative to 0.5. In the single -regime constant-variance model, the 
standardized residuals are assumed to have a standard normal distribution. In the full 
generalized regime switching model: 
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ܽ଴ଵ 0.01 1.6 0.01 1.19 0.01 1.79 a଴ଵ 0.03 1.54 0.06 1.58* 0.06 301* 
ܽ଴ଶ     0.01 1.52 0.01 7.82 a଴ଶ     0.03 -0.8* -0.03 -937* 
ܽଵଵ 0.00 -1.46 0.01 -1.47 -0.01 -1.87 aଵଵ -0.01 -1.43 -0.01 -1.6* -0.01 -307* 
ܽଵଶ     0.00 -1.2 -0.01 -6.65 aଵଶ     0.01 0.9* 0.01 2049* 
ܾଵଵ 0.14 5.18* -0.08 -3.59 -0.09 -9.31 bଵଵ 0.10 4.64* 0.02 0.56* -0.08 -537* 
ܾଶଵ 0.85 32.64* 1.23 20.3* 1.13 90.7 bଶଵ 0.89 42.5* 1.32 10.3* 1.15 6014* 
ߪଵ 0.00 -4.56* 0.00 0.35 0.00 -5.83 σଵ 0.00 3.74* 0.00 0.00 0.00 0.00* 
ܾଵଶ     0.15 3.52* 0.13 5.42* bଵଶ     -0.01 -0.68* -0.02 -14.3* 
ܾଶଶ     0.59 8.65* 0.72 14.6* bଶଶ     0.34 2.85* 0.05 40.1* 
ߪଶ     0.01 0.00 0.00 7.08 σଶ     -0.01 0.80 -0.01 -168* 
ܲ ܿଵ⁄      0.99 208.3 2.16 186 P cଵ⁄      0.47 -3.66* 2.16 1472* 
݀ଵ         1.81 115 dଵ         -0.06 -225 
ܳ ܿ⁄ ଶ     0.00 2.07* 16.83 243 Q c⁄ ଶ     0.72 4.33* 0.49 193* 
݀ଶ         -11.1 -1355 dଶ         -0.01 -133* 
Log-
likelihood 2207.5   2222.7   2063.1   
Log-

























ܽ଴ଵ 0.01 1.49 -0.04 -25941 -0.07 -1.43 a଴ଵ 0.02 1.93 -0.03 -34.5* -0.02 -0.84* 
ܽ଴ଶ     0.01 15.8 0.01 1.96 a଴ଶ     0.01 14.9* 0.04 2.91* 
ܽଵଵ -0.01 -1.71 0.03 18128 0.05 1.34 aଵଵ -0.01 -1.96 0.01 30.5* 0.01 0.9* 
ܽଵଶ     -0.01 -17.2 -0.01 -2.13 aଵଶ     -0.01 -20.1* -0.02 -3.01* 
ܾଵଵ 0.09 5.38* -0.03 -5216 -0.09 -0.96 bଵଵ 0.10 4.67* -0.05 -2.35* 0.21 3.12* 
ܾଶଵ 0.91 55.9* 2.73 26.3* 2.63 2.81 bଶଵ 0.89 38.3* 1.72 56.6* 0.37 2.42* 
ߪଵ 0.00 4.29* 0.00 54.6 0.02 2.34 σଵ 0.00 4.31* 0.00 -0.00 0.00 -14.6* 
ܾଵଶ     0.05 1119* 0.05 2.29* bଵଶ     0.13 14.9* 0.04 1.7* 
ܾଶଶ     0.83 147* 0.88 29.8* bଶଶ     0.69 111* 1.16 15.5* 
ߪଶ     0.00 489 0.00 0.00 σଶ     0.00 1.69 0.00 3.89* 
ܲ ܿଵ⁄      0.00 -0.45 -4.06 -0.76 P cଵ⁄      0.00 -0.02* -4.12 -50.9* 
݀ଵ         1.65 0.62 dଵ         -0.25 -4.97 
ܳ ܿ⁄ ଶ     0.07 30868* 1.94 3.64 Q c⁄ ଶ     0.27 27.2* 1.73 1.22* 
݀ଶ         -0.05 -0.2 dଶ         -1.02 -1.01* 
Log-
likelihood 1740.9   1750.2   1751.9   
Log-




Figure 4 The smoothed probability and standard deviation of ten securitized real estate market return from generalized 



































































































































Note: The smoothed probability and standard deviation of the figures are derived from generalized SWARCH model. In the full generalized regime switching 
model: 
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Figure 5 The smoothed probability and standard deviation of ten securitized real estate market return residuals from 













































































































































































 4.3.2 Indicators of Synchronization 
The conclusions in section 4.3.1 above are that there seems to be some 
evidence of volatility contagion during international financial upheaval among 
most of the countries analysed. In order to bring some more substance to the 
analysis about possible volatility contagion during the chosen time period (6th 
January 1995 to 30th March 2010) and within the group of countries analysed 
here, the study will now concentrate on the degree of co-movement in the 
evolution of smoothed probabilities and therefore on the evolution of volatility 
states of the individual countries. The indicators of synchronization defined 
and explained in the methodology section of this thesis along the lines of 
Beine, Candelon and Sekkat (2003) will be used. The use of these types of 
indicators is justified because if the hypothesis of volatility contagion is true 
then countries should show more synchronic developments in the evolution of 
volatility in their individual securitized real estate exchange markets. 
Therefore, the values of the utilized indicators should be relatively large if 
volatility contagion is present (although there might also be other reasons 
besides volatility contagion for higher indicator values). Lower values of the 
indicators would point to the rejection of the hypothesis of volatility contagion. 
Additionally, rather than limiting this study to a set of bivariate analyses with 
a certain reference country, 
 
it is more accurate to perform the analysis in a 
multivariate way in order to determine a set of countries where synchrony in 
volatility states has been high.  
In this analysis 4 different indicators of synchronization will be used. 
Obviously, each indicator is different to each other. So, in order to assess the 
degree of synchronization it is useful to choose a certain threshold value which 
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would split the countries into those which are highly synchronized and those 
which are less synchronized. Naturally, the choice of a specific threshold 
value is somewhat arbitrary but a robustness analysis can easily be carried out. 
Due to the difference in the definition of indicators, it is logical to define 
different thresholds for different indicators. The approach here is based on the 
work of Beine, Candelon and Sekkat (2003) who proposed the following 
values as a threshold: 0.6 for I1 (absolute difference synchronization indicator 
and I3 (corrected simultaneous synchronization indicator), and 0.5 for I2 
(simultaneous synchronization indicator) which turns out to be more 
restrictive than I3. In the case of the I4 (synchronization length indicator), 
which can be interpreted as the average number of periods where the evolution 
of the smoothed probabilities of countries being in the low or high volatility 
state is synchronized, another value is taken to that used by the above 
mentioned authors. Their analyses of the synchronization of European 
business cycles, which probably is not subject to such abrupt changes as 
securitized real estate markets, show much stronger amplitudes in changes. So, 
it should not be a surprise that synchronization among countries’ securitized 
real estate markets’ volatilities is less than the synchronization of their 
business cycles. In this case the threshold value of twenty weeks was chosen, 
which seems reasonable because many shifts to the high volatility state last 3 
to 6 months. Each country combination with an average period length of 
synchronization larger than 20 weeks would fall in the synchronized country 
group and vice versa.  
Indicator I1 reveals 2 different groups of countries with respect to their 
correlations in the smoothed probabilities with the remaining countries. In 
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table 6 every possible country to country value of I1 is presented and those 
pairs of countries which surpassed the threshold value of 0.6 (as for the other 
indicators I2, I3 and I4 in their corresponding tables and with their threshold 
values respectively) are highlighted. As can clearly be seen, the first group of 
countries consisting of Japan, China and Taiwan shows on average lower 
values with respect to the other countries than the second group consisting of 
Australia, Singapore, Hong Kong, Malaysia, Philippines, US, UK. China has 
values higher than 0.6 only with Japan, which is not surprising because of the 
historical connection, geographical amenity and economic linkage between 
those countries. Japan is on average even less correlated with other countries, 
China and Taiwan are the only countries with which Japan reaches the 
threshold value. In the second group of countries every country-country 
combination within this group surpasses the chosen threshold value of 0.6 and 
indicates a very much higher correlation among those countries in comparison 
to correlations of this group with China, Taiwan and/or Japan. Unfortunately, 
this analysis does not provide any reasons for higher securitized real estate 
market volatility synchronization among the second group but I1 clearly 
shows that evolutions of volatility probabilities have been closer in the typical 
Asian crisis countries. One short coming of I1 is that it only shows the average 
co-movement in absolute values of the volatility state probability but does not 
distinguish between different volatility states themselves. Therefore, I2 will 
also be used which offers this distinction.  
A more interesting feature in my analysis might be the synchronization of 
peaks and troughs of securitized real estate market volatilities and therefore 
volatility states among countries. Indicator I2 accounts for this shortcoming in 
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I1 and separates the evolution of the smoothed volatility state probabilities 
into a low, high and undefined region. The results of this Indicator I2 are 
presented in table 7. As can easily be seen from table 7, I2 shows a similar or 
even clearer result than I1 and indicates a separation into the same two groups 
of countries as I1. China, Taiwan and Japan still just reach the threshold value 
with countries in their group only.  In the second group of countries all 
country-country combinations (except those with China and Japan) surpass the 
threshold value and might therefore be considered highly synchronized with 
each other. An interesting result is that within the second group of countries I2 
values are higher most of the time than the threshold value (again with the 
exception of Taiwan). Therefore, any robustness test choosing different 
threshold values would not significantly change the results obtained. In 
summary, these results suggest that for the second group of countries, the 
peaks and troughs of volatility in the securitized real estate markets occur at 
more-or-less the same times in comparison to Taiwan, China and Japan, which 
hints at stronger volatility co-movements and possibly volatility spill-over and 
contagion.  
Using indicator I3 for the analysis even clearer results than for I1 and I2 were 
obtained. China, Taiwan and Japan still do not now show any value larger than 
the threshold with countries in the other group. These three countries can 
therefore be considered as being desynchronized from the other countries 
according to this I3 indicator. The second group of countries consists of 
Australia, Singapore, Hong Kong, Malaysia, Philippines, US and UK which 
again always have larger I3s than the threshold value within this group. So, 
indicator I3 confirms the results obtained by I1 and I2 before.  
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Lastly, indicator I4 basically verifies the results of the previous indicators. 
Again, the same separation into two groups emerges, China, Taiwan and Japan 
having on average the shortest synchronization periods with the rest of the 
countries. In the second group all countries clearly have higher average 
synchronic periods than the chosen threshold value of twenty weeks. This 
hints at the fact that the countries in the second group not only show high 
synchronization in the evolution of their securitized real estate market 
volatilities but also that when they are synchronized these periods of roughly 
parallel movement are relatively long compared to Taiwan, China and Japan. 
So, it seems that the core of synchronized countries does not really show many 
signs of idiosyncratic dynamics. This fact further hints at some form of 
volatility spill-over or volatility contagion among these countries also during 
periods of financial turmoil in other areas of the world.  
Considering all four indicators together a clear picture emerges: the main 
countries of the 1997 Asian crisis and 2008 Subprime Crisis being Australia, 
Singapore, Hong Kong, Malaysia, Philippines, US, UK show a clear 
synchronization in the evolutions of their SWARCH model induced 
securitized real estate market volatility states and corresponding smoothed 
probabilities on the one hand and more importantly high synchronization of 
troughs and peaks in volatility on the other. Further the evidence of high 
volatility synchronization coming from indicators I1 through I3 also I4 
confirms these results by showing that synchronized periods among these 
countries have been relatively long, too. China Taiwan and Japan as a control 
group clearly demonstrate less signs of volatility synchronization with the rest 
79 
 
of the countries. These results seem to be quite robust with respect to the 
choice of threshold values, which further confirms this conclusion. 
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Table 3 I1 calculator (absolute difference synchronization indicator) 
 AU JP SG HK UK US ML PL CN TW 
AU 0.190795 0.770144* 0.709661* 0.91301* 0.917026* 0.71593* 0.767164* 0.337747 0.371217 
JP 0.127061 0.302386 0.243853 0.221176 0.150448 0.130158 0.628606* 0.610204*
SG 0.792807* 0.727366* 0.753747* 0.878502* 0.839238* 0.316983 0.406785 
HK 0.654833* 0.685833* 0.735915* 0.715828* 0.271037 0.397909 
UK 0.906563* 0.680566* 0.733643* 0.388957 0.402225 
US 0.687381* 0.734803* 0.376093 0.385823 
ML 0.858392* 0.371509 0.428276 
PL 0.386783 0.443165 
CN 0.634771*
TW 
Note: The absolute difference synchronization indicator assess the degree of synchronization between two countries’ probabilities by comparing the absolute 
differences of two countries of being in a particular regime. The equation of the absolute difference synchronization indicator is  
ܫଵ ൌ 1 െ
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where ௜ܲ,௝ሺݏ௧ ൌ 1/ܫ்ሻ denotes the smoothed probability (based on all available information at time t) of country i or j respectively being in regime 1 at time t. 
This equation indicates a positive relationship between the absolute difference synchronization indicator and the degree of synchronization. * The threshold 






Table 4 I2 calculator (simultaneous synchronization indicator) 
 AU JP SG HK UK US ML PL CN TW 
AU 0.160804 0.737437* 0.679648* 0.880653* 0.885678* 0.689698* 0.733668* 0.280151 0.234925 
JP 0.065327 0.25 0.199749 0.172111 0.100503 0.046482 0.581658* 0.528894*
SG 0.741206* 0.664573* 0.70603* 0.840452* 0.79397* 0.232412 0.242462 
HK 0.604271* 0.635678* 0.698492* 0.653266* 0.170854 0.229899 
UK 0.854271* 0.630653* 0.668342* 0.309045 0.248744 
US 0.644472* 0.682161* 0.300251 0.228643 
ML 0.825377* 0.306533 0.288945 
PL 0.290201 0.271357 
CN 0.507538*
TW 
Note:  Simultaneous synchronization indicator assess the degree of synchronization of two countries by computing the share of the sample during which the 









 is a binomic indicator, it  takes the value 1 if both countries share the same regime at time t (both in a “low”, both in a “high” volatility state, or both 















) < 0.3 country i will be considered to be in state 2.  
(3) For values of 0.7 > P
i 
> 0.3 country I is neither in the “low” nor in the “high” volatility state. 




Table 5 I3 calculator (corrected simultaneous synchronization indicator) 
 AU JP SG HK UK US ML PL CN TW GLOBAL 
AU 0.182789 0.774497* 0.71608* 0.913945* 0.917085* 0.713568* 0.773241* 0.313442 0.327889 0.913945* 
JP 0.092965 0.290829 0.237437 0.209171 0.128769* 0.085427 0.629397* 0.625* 0.19598 
SG 0.794598* 0.717337* 0.75691* 0.883794* 0.845477* 0.291457 0.343593 0.775126* 
HK 0.657663* 0.68593* 0.738693* 0.705402* 0.22299 0.339196 0.731784* 
UK 0.896357* 0.671482* 0.722362* 0.36809 0.349874 0.878141* 
US 0.683417* 0.735553* 0.349874 0.334171 0.912688* 
ML 0.869975* 0.351131 0.388191 0.714196* 
PL 0.355528 0.382538 0.761307* 
CN 0.618719* 0.305276 
TW 0.308417 
GLOBAL 
Note:  Corrected simultaneous synchronization indicator assess the degree of synchronization of two countries by computing the share of the sample during 



















) > 0.3. The equation of the corrected simultaneous 







ܫ௖,௧ is a binomic indicator, it  takes the value 1 if both countries share the same regime at time t (both in a “low”, both in a “high” volatility state, or both 
neither in the “low” nor the “high” volatility state), it takes the value  0.5 if the countries are in the inconclusive situation and 0 otherwise. The 














) < 0.3 country i will be considered to be in state 2.  
(3) For values of 0.7 > P
i 
> 0.3 country I is neither in the “low” nor in the “high” volatility state. * The threshold value for corrected simultaneous 
synchronization indicator is 0.6. 
83 
 
Table 6 I4 calculator (synchronization length indicator) 
 AU JP SG HK UK US ML PL CN TW 
AU 2.8305 39.1333* 31.8235* 38.9444* 23.5000* 32.2941* 27.8095* 13.1176 3.5283 
JP 12.0000 16.0000 15.0000 25.0000* 16.0000 13.0000 22.0000* 66.0000* 
SG 24.5833* 23.0000* 17.0303 25.7308* 21.7931* 8.4091 3.5741 
HK 20.9130* 15.3333 25.2727* 22.6087* 6.8000 3.3889 
UK 22.6667* 20.0800* 19.7037 9.8400 3.4737 
US 17.6897 14.6757 7.7097 3.0847 
ML 18.7714 10.1667 3.7097 
PL 7.9655 3.1304 
CN 4.6977 
TW 









denotes the length of a period k during which the indicator I
bt 
= 1 (see simultaneous synchronization indicator I2 above), n is the number of periods 
for which I
bt 
= 1.. A higher indicator value for I4 hints at a stronger and on average longer synchronization among two countries.  





4.4 Summary of the Chapter 
This chapter is the first empirical part of this paper; it analyzed the individual 
regime switching characters and the synchronization of Asian securitized real 
estate market. The main findings can be summarized as follows: 
1. Generalized SWARCH model with transition probability fits into the 
property return better than other models. The reason is that it captures the 
volatility persistency from two channels, regime switching and GARCH. 
2. Countries generally have two spikes in their regime switching probability 
graph, which are near 1997 and 2007. US and UK are not affected by the 1997 
Asian Financial Crisis, however, nearly all Asian countries are affected by the 
Global Financial Crisis. Specifically, for most of the countries we studied, the 
two spikes still exist over the study period for the pure real estate return. 
Therefore, the results are driven by the real estate market effects and our 
research contributes to the literature. 
3. Synchronization indicators find that China, Taiwan and Japan appear to be a 
group, while other countries belong to another group. The results also showed 
that the average length of synchronization period is shorter for China, Taiwan 
and Japan than for other countries. 
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Chapter Five: Asymmetric volatility transmission with VAR-
EGARCH model 
4.1 Introduction  
This section investigates the multilateral dynamic interaction of 10 securitized 
real estate markets, i.e. Australia, Japan, Singapore, Hong Kong, United States, 
United Kingdom, Malaysia, Philippines, China and Taiwan. Price and 
volatility spillovers are examined in the context of a VAR-EGARCH model. 
Unlike previous related studies, this paper fully takes into account potential 
asymmetries that may exist in the volatility transmission mechanism, i.e. the 
possibility that bad news in a given market has a greater impact on the 
volatility of the returns in the next market to trade. 
4.2 Methodology 
 Let ܴ௜௝ be the percentage return at time t for market i where, f = 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10 (l=AU, 2=JP, 3=SG, 4=HK, 5=UK, 6=US, 7=ML, 8=PL, 9=CN and 
10=TW), Ω௧ିଵthe σ-field generated by all the information available at time t— 
1, ߤ௜,௧ ܽ݊݀ ߪ௜,௧ଶ   the conditional mean and the conditional variance respectively, 
ߪ௜,௝,௧ the conditional covariance between markets i and j, ߳௜,௧ the innovation at 
time t (i.e., ߳௜,௧ ൌ ܴ௜,௧ െ ߤ௜,௧ ) and ݖ௜,௧ the standardized innovation (i.e., ݖ௜,௧ ൌ
߳௜,௧/ߪ௜,௧ ). The multivariate VAR-EGARCH model can then be written as 
follows: 
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௝݂൫ݖ௝,௧ିଵ൯ ൅ ߛ௜ ݈݊൫ߪ௜,௧ିଵ
ଶ ൯ቋ ݂݋ݎ ݅, ݆
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 ௝݂൫ݖ௝,௧ିଵ൯ ൌ ൫หݖ௝,௧ିଵห െ ܧ൫หݖ௝,௧ିଵห൯ ൅ ߜ௝ݖ௝,௧ିଵ൯݂݋ݎ ݆ ൌ 1,2,3,4,5,6,7,8,9,10  
ߪ௜,௝,௧ ൌ ߩ௜,௝ߪ௜,௧ߪ௝,௧  ݂݋ݎ ݅, ݐ ൌ 1,2,3,4,5,6,7,8,9,10 ܽ݊݀ ݅ ് ݆. 
The first equation describes the returns of the four markets as a vector 
autoregression (VAR) where, the conditional mean in each market is a 
function of past own returns as well as cross-market past returns. Lead/lag 
relationships are captured by coefficients  ߚ௜,௝ , for ݅ ് ݆ . A significant ߚ௜,௝ 
coefficient would imply that market i leads market j or, equivalently, current 
returns in market j can be used to predict future returns in market i. Related 
studies allow for volatility feedbacks (i.e., ARCH-M effects) and day of the 
week effects in the specification of the conditional means. Since the focus of 
this paper is on mean and volatility interactions among markets these effects 
are ignored. Furthermore, Theodossiou and Lee (1995) find no evidence of 
volatility feedbacks in European stock returns.  
The conditional variance of the returns in each market, is an exponential 
function of past own as well as cross-market standardized innovations. The 
particular functional form ௝݂൫ݖ௝,௧ିଵ൯ is given in (3). As can be seen, ݂ሺ. ሻ is an 
asymmetric function of past standardized innovations. For ݖ௝,௧ିଵ< 0 the slope 
of ݂ሺ. ሻ  is equal to -1+ߜ௝ whereas, for ݖ௝,௧ିଵ> 0 the slope becomes 1+ߜ௝. Thus, 
the third equation permits standardized own and cross-market innovations to 
influence the conditional variance in each market asymmetrically. More 
intuitively, the term (หݖ௝,௧ିଵห െ ܧ൫หݖ௝,௧ିଵห൯) measures the magnitude effect. 
Assuming ߙ௜,௝ is positive, the impact of ݖ௝,௧ିଵ on ߪ௜,௧ଶ  will be positive (negative) 
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if the magnitude of ݖ௝,௧ିଵ  is greater (smaller) than its expected value 
ܧ൫หݖ௝,௧ିଵห൯.Similarly, the term ߜ௝ݖ௝,௧ିଵ measures the sign effect. Depending on 
the sign of the coefficient and the sign of the innovation, the sign effect may 
be reinforcing, or, partially offsetting the magnitude effect. For example, 
securitized real estate market declines in market j (ݖ௝,௧ିଵ  < 0) will be followed 
by higher volatility than securitized real estate market advances (ݖ௝,௧ିଵ  > 0) if 
ߜ௝ is negative. Such a response would be consistent with the leverage effect 
whereby, market declines produce a higher aggregate debt to equity ratio and 
hence higher volatility. The relative importance of the asymmetry or, leverage 
effect, can be measured by the ratio |െ1 ൅ ߜ௝ |/(1+ߜ௝ሻ. Volatility interactions or, 
spillovers, across markets are measured by ߙ௜,௝ for i,j = 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10 and ݅ ് ݆. A significant positive ߙ௜,௝ coupled with a negative ߜ௝ implies that 
negative innovations in market j have a higher impact on the volatility of 
market i than positive innovations, i.e., the volatility transmission mechanism 
is asymmetric. 
The persistence of volatility implied by the second equation is measured by ߛ௜. 
The unconditional variance is finite if ߛ௜ < 1 (see Nelson, 1991). If ߛ௜ = 1, then 
the unconditional variance does not exist and the conditional variance follows 
an integrated process of order one. As noted by Hsieh (1989) the exponential 
specification is less likely to produce integrated variances. The 
contemporaneous relationship between the returns of the four markets is 
captured by the conditional covariance specification, given by the fourth 
equation. This specification implies that the correlation of the returns of 
markets i and j is constant or, what amounts to the same thing, the covariance 
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is proportional to the product of the standard deviations. This assumption 
greatly simplifies estimation of the model and it is a plausible one for many 
applications e.g., Bollerslev (1990). Even with this simplification the number 
of parameters to be estimated is fifty four. Assuming normality, the log 
likelihood for the multivariate VAR-EGARCH model can be written as  




where N is number of equations (four in this case), T is number of 
observations, ߠ  is the parameter vector to be estimated, 
߳௧′ ൌ ሾ߳ଵ,௧߳ଶ,௧
, , ߳ଷ,௧, … ߳ଵ଴,௧ሿisthe 1x10 vector of innovations at time T, ܵ௧ is the 
10x10 time varying conditional variance-covariance matrix with diagonal 
elements given by the second equation for 1=1,2,3,..,10 and cross diagonal 
elements given by the fourth equation for ij = 1, 2, 3, …,10  and ݅ ് ݆. The 
log-likelihood function is highly nonlinear in 0 and therefore, numerical 
maximization techniques have to be used. We use the Berndt, Hall, Hall, and 




4.3 Result  
4.3.1 Full period 
The estimated coefficients and standard errors for the conditional mean return 
equations are presented in Table 7. Three Asian markets, namely Australia, 
Philippines and China, exhibit significant mean-spillovers from Hong Kong 
returns.  The China mean return is significantly influenced in future periods of 
one week by the present returns shocks of the Hong Kong market. The three 
significant Hong Kong mean spillovers range from -0.77831 (China) to 
0.14025 (Philippines).  The mean return for the Japan market is influenced by 
the lagged returns of the markets in Singapore and United Kingdom, the mean 
return for the Hong Kong market is influenced by the lagged returns of Japan, 
Singapore and Philippines, the mean return for the United Kingdom market is 
influenced by the lagged returns of Australia, Hong Kong, Philippines and 
China, the mean return for the Philippines market is influenced by the lagged 
returns of Singapore, Hong Kong, United Kingdom, United States and 
Malaysia, the mean return for the China market is influenced by Australia, 
Japan, Hong Kong, United States and Philippines, the mean return for the 
Taiwan market is influenced by Singapore and China. Whereas the Singapore, 
United States and Malaysia market are not influenced by the returns of other 
markets. Of the ten markets, the lagged returns of Singapore, Hong Kong and 
Philippines have the greatest overall influence. 
Importantly, the mean spillovers from the developed markets to the emerging 
markets are not homogenous across the four emerging markets. For example, 
Only China exhibit a significant mean spillover from Australia and Japan, and 
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only Philippines received a significant mean spillover from United Kingdom. 
For other markets, they exhibit different mean spillover effect on emerging 
countries, for example, Singapore has a significant positive mean spillover for 
Philippines, and it has a significant negative mean spillover for Taiwan. 
In addition, the mean spillovers form the emerging markets to the developed 
markets are limited across the six developed markets. For example, only Hong 
Kong and United Kingdom exhibit a significant mean spillover from 
Philippines, only United Kingdom received a significant spillover from China. 
For other emerging markets, they don’t have a significant mean spillover 
effect on the developed markets.  
The comparison of the results stated above showed that the developed markets 
still have dominant effect in this region. This may result from the fact that the 
developed markets are more open than emerging market and they have 




Table 7 Result of  ࢼ࢏,࢐ from multivariate VAR-EGARCH model 
Full sample period: January 1995 to March 2010 
 AU JP SG HK UK US ML PL CN TW 
ߚ௜,ଵ 0.101 -0.280 0.098 -1.076 -0.525* 0.049 0.219 -0.060 0.511* -0.175 
ߚ௜,ଶ 0.051 0.206* -0.097 -0.692* 0.073 0.004 0.042 -0.021 0.257* -0.009 
ߚ௜,ଷ 0.064 -0.357* 0.359 -0.975* -0.236 0.023 -0.207 0.142* 0.263 -0.258*
ߚ௜,ସ -0.297* -0.099 -0.189 2.135* 0.244* 0.031 0.178 0.140* -0.778* 0.235 
ߚ௜,ହ 0.182 0.479* 0.126 0.601 0.437* 0.079 -0.100 -0.171* 0.072 0.241 
ߚ௜,଺ -0.054 -0.372 -0.031 0.854 -0.071 -0.009 0.203 0.174* -0.493* 0.038 
ߚ௜,଻ -0.036 0.052 -0.205 0.357 0.057 -0.028 0.118 0.06* -0.014 0.203 
ߚ௜,଼ 0.032 -0.004 -0.150 1.064* 0.161* 0.054 0.154 0.069* -0.177* 0.184 
ߚ௜,ଽ 0.078 0.113 -0.153 0.078 0.166* 0.062 0.110 -0.001 0.118 -0.128*
ߚ௜,ଵ଴ 0.059 -0.039 0.074 0.069 0.013 0.033 0.102 0.121 0.082 0.094 
Note: * denotes significance at the 0.05 level at least. ߚ௜,௝  is estimated from the 
Multivariate VAR-EGACH model, it captures the lead/lag relationships between 
markets. A significant ߚ௜,௝  coefficient implies that market i lead market j. The 
equation of the model is written as follows: 
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The conditional variance covariance equations incorporated in this paper’s 
VAR-EGARCH model effectively capture the volatility and cross volatility 
spillovers among Asian emerging markets. These have not generally been 
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considered by previous studies. Table 9 presents the estimated coefficients for 
the exponential function of conditional variance equations. These quantify the 
effects of the lagged own and cross innovations and lagged own volatility 
persistence on the present own volatility of the eight Asian markets and two 
global markets. Consistent with other studies, the coefficients of the 
conditional variance equations are significant for own and cross innovations 
and volatility spillovers to the individual returns for all markets, indicating the 
presence of ARCH and GARCH effects. 
Own-volatility spillovers in all markets are large and significant indicating the 
presence of strong ARCH effects. The own-volatility spillover effects range 
from 0.16971 (China) to 0.577428(United Kingdom). With the exception of 
Hong Kong, own-volatility effects are generally higher for the developed 
markets than for the emerging markets.  In terms of cross-volatility effects in 
the emerging markets, past innovations in Japan have the greatest effect on 
future volatility in Malaysia from among past innovations in other developed 
market returns. This condition also holds for Philippines and Taiwan. 
However, in the case of China past innovations in United Kingdom have the 
greatest influence on future volatility. Importantly, while innovations in all ten 
Markets influence the volatility of all other markets, the own-volatility 
spillovers are generally larger than the cross-volatility spillovers. This would 
suggest that past volatility shocks in individual developed and emerging 




The coefficient alpha also measures the leverage effect, or asymmetric impact 
of past innovations on current volatility. It is significant in almost all instances 
lending support to the notion that volatility interactions across markets may 
also be asymmetric. The degree of asymmetry, on the basis of the estimated ߜ௝ 
coefficient, is statistically significant for all the countries except China and 
Malaysia. Referring to table 8, we can find that Japan has the highest relative 
importance of the asymmetry. This finding supports the notion that both the 
size and sign of the innovations are important determinants of the volatility 
transmission mechanism.  The extent to which negative news (innovations) in 
one market increase volatility more than positive news in the other markets 
can be assessed using the estimated coefficients ߙ௜,௝ and ߜ௝. 
Volatility persistence, measured by ߛ௜, is high and close to unity in all cases 
except Philippines. A simple t- test however, rejects the hypothesis that the 
conditional variances in these markets are integrated. Thus, we are assured 




Table 8 Result of  ࢾ࢐ & ࢽ࢏ from multivariate VAR-EGARCH model 
Full sample period: January 1995 to March 2010 
 AU JP SG HK UK US ML PL CN TW 
ߜ௝ 0.680* -2.091* 0.788* 4.364* -1.287* 1.384* -0.230 -0.498* 0.402 -0.470*
ߛ௜ 0.779* 0.760* 0.776* 0.783* 0.777* 0.777* 0.774* 0.774 0.607* 0.494* 
Note: * denotes significance at the 0.05 level at least. ࢾ࢐ & ࢽ࢏ are estimated from the 
Multivariate VAR-EGARCH model. The relative importance of the asymmetry effect 
is measured by the ratio หെ1 ൅ ߜ௝ห/൫1 ൅ ߜ௝൯ . ߛ௜ measured the persistence of volatility. 
The equation of the model is written as follows: 
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Table 9 Result of ࢻ࢏,࢐  from multivariate VAR-EGARCH model 
Full sample period: January 1995 to March 2010 
 AU JP SG HK UK US ML PL CN TW 
ߙ௜,ଵ 0.502* 0.327 0.118* 0.262* 0.173* 0.159* 0.254* -0.038 0.229* 0.278*
ߙ௜,ଶ 0.057* 0.222* 0.327* 0.177* -0.065* 0.081* 0.336* -0.251* -0.064 -0.767*
ߙ௜,ଷ 0.147* 0.260* 0.480* 0.168* 0.085* 0.061* 0.232* -0.015 0.285* 0.291*
ߙ௜,ସ 0.155* 0.077 0.252* 0.184* 0.211* 0.149* 0.205* 0.154* 0.206* 0.231*
ߙ௜,ହ 0.114* 0.204* 0.266* 0.113* 0.577* 0.144* 0.282* -0.110* 0.447* 0.434*
ߙ௜,଺ 0.218* 0.201* 0.249* 0.194* 0.083* 0.457* 0.263* 0.084* 0.037 0.731*
ߙ௜,଻ 0.083* 0.034 0.247* 0.171* 0.438* 0.180* 0.333* -0.004 0.218* -0.043
ߙ௜,଼ 0.093* -0.042 -0.046 -0.130* 0.034 0.148* 0.090* 0.374* 0.049 0.052 
ߙ௜,ଽ 0.144* 0.467 0.300* 0.256* -0.031 0.177* 0.129* 0.023 0.169* 0.583*
ߙ௜,ଵ଴ 0.083* 0.188 0.391* 0.142* 0.231* 0.242* 0.105* 0.035 -0.066 0.333*
Note: * denotes significance at the 0.05 level at least. હܑ,ܒ   is estimated from the 
Multivariate VAR-EGACH model, it captures the asymmetric effect of volatility 
transmission. A significant positive હܑ,ܒ  coupled with a negative ߜ௝  implies that 
negative innovations in market j have a higher impact on the volatility of market i 
than positive innovations . The equation of the model is written as follows: 
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We also conducted the robustness test of the VAR-EGARCH analysis to 
explore whether the volatility spillover effects are driven by stock market 
effects or real estate effects. To achieve this goal, we stripped the stock market 
return out of the securitized real estate return and got the residual. We then 
estimated the VAR-EGARCH model on the residuals. The results are stated in 
Table 9-1. Similar to the result of securitized real estate return, we found the 
pure real estate return mean spillovers from developed markets to developing 
markets are more significant than the mean spillovers from developing 
markets to developed market. In addition, the leverage effect, or asymmetric 
impact of past innovations on current volatility, measured by the estimated ߜ௝ 
coefficient, is statistically significant for all the countries except United 
Kingdom, Malaysia, Philippines and China. Volatility persistence, measured 
by ߛ௜, is high and close to unity in all cases. Therefore, we can conclude our 
volatility spillover result of securitized real estate return is not driven by the 
stock market, and it is robust. 
Table 9-1 Result of ࢼ࢏,࢐, ࢾ࢐ , ࢽ࢏ , ࢻ࢏,࢐  from multivariate VAR-EGARCH 
model (Residual) 
 
 AU JP SG HK UK US ML PL CN TW 
ߚ௜,ଵ -0.062 0.326* 0.135 0.11 0.168 0.117 0.143 0.027 -0.688* 0.755*
ߚ௜,ଶ -0.042 -0.018 -0.101 0.027 -0.072 -0.243* -0.129* -0.002 0.447* 0.32*
ߚ௜,ଷ -0.095* 0.001 -0.15* -0.161* -0.03 -0.064 -0.052 -0.201* 0.427* -0.057
ߚ௜,ସ 0.073 0.268* 0.262* 0.238* -0.013 -0.005 0.08 0.191* -0.546* 0.166
ߚ௜,ହ -0.087 -0.165* -0.057 -0.163* -0.021 0.12 -0.041 -0.094 0.245 0.062
ߚ௜,଺ 0.143* -0.064 0.083 -0.082* 0.131 0.078 0.063 -0.021 0.005 0.252
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ߚ௜,଻ -0.048 0.146 -0.118 0.081 -0.098 -0.125 -0.153* -0.094 0.22 -0.174
ߚ௜,଼ -0.046 0.069 -0.071 0.034 -0.031 -0.099 0.03 -0.12 0.039 0.083
ߚ௜,ଽ 0.023 0.048 0.044 0.029 0.005 -0.004 0.007 0.005 0.006 -0.024
ߚ௜,ଵ଴ 0.004 0.079* -0.007 0.045* -0.021 -0.035 -0.007 0.017 -0.04 -0.116
 
 AU JP SG HK UK US ML PL CN TW 
ߜ௝ -0.938* 2.098* 0.495* 1.223* 0.693 -3.62* -0.075 -0.356 0.298 1.429*
ߛ௜ 0.806* 0.765* 0.783* 0.796* 0.767* 0.78* 0.78* 0.762* 0.755* 0.428*
 
 AU JP SG HK UK US ML PL CN TW 
ߙ௜,ଵ 0.491* -0.005 -0.031 -0.018 0.359* 0.14* 0.065* 0.067* 0.113* -0.013
ߙ௜,ଶ 0.088* 0.187* 0.224* 0.18* 0.025 0.246* 0.223* 0.048* 0.404* 0.248*
ߙ௜,ଷ -0.165* 0.057* 0.428* -0.027 -0.02 0.024 -0.011 0.213* -0.129* -0.289*
ߙ௜,ସ -0.01 0.202* 0.184* 0.192* 0.105* 0.287* 0.03 0.343* 0.352* 0.497*
ߙ௜,ହ 0.139* 0.009 0.203* -0.029 0.202* 0.123* 0.059* 0.103* -0.01 0.029
ߙ௜,଺ 0.124* 0.183* 0.155* 0.153* 0.116* 0.093* 0.166* 0.057* 0.179* 0.153*
ߙ௜,଻ 0.06* 0.097* 0.115* 0.04 0.007 -0.06* 0.425* 0.099* -0.007 0.117*
ߙ௜,଼ 0.179* 0.035 -0.032 -0.043* 0.227* 0.087* 0.155* 0.36* -0.02 -0.41*
ߙ௜,ଽ -0.003 0.307* 0.025 0.093* 0.241* 0.238* 0.114* 0.151* 0.535* 0.098*






4.3.2 Pre- and Post- Global financial crisis 
To address the potential impact of the most recent global financial crisis on the 
degree of real estate securities market interdependence, we selected two 
periods from the sample. They are: 
(i) Pre-crisis period: January 2004 to December 2006. 
(ii) Post-crisis period: Aug 2007 to December 2009. 
The break date of the financial crisis was obtained from the results of the 
region switching model in the previous chapter. 
First look at the results of pre-crisis period. The estimated coefficients for the 
conditional mean return equations are presented in Table 10. During January 
2004 to December 2006, there are not much first moment spillovers across the 
markets. Only Japan received a significant mean spillover from Singapore, 
Singapore received a significant spillover from Taiwan. Regarding to the own 




Table 10 Result of  ࢼ࢏,࢐ from multivariate VAR-EGARCH model 
Pre-crisis period: January 2004 to December 2006 
 AU JP SG HK UK US ML PL CN TW 
ߚ௜,ଵ 0.017 0.129 0.144 0.270 -0.041 0.244 0.165 -0.074 0.393 0.366
ߚ௜,ଶ -0.043 -0.054 -0.001 -0.005 -0.002 -0.015 0.081 0.117 0.116 0.137
ߚ௜,ଷ -0.361 -0.780* -0.347 -0.194 -0.398 -0.393 -0.047 -0.487 -0.673 -0.718
ߚ௜,ସ 0.159 -0.094 0.311 -0.123 0.139 0.408 -0.060 0.145 0.333 0.185
ߚ௜,ହ -0.069 0.270 0.138 0.046 0.138 -0.068 0.152 0.283 0.146 0.519
ߚ௜,଺ -0.030 0.114 -0.024 0.221 -0.068 -0.368* -0.003 -0.483 -0.267 0.025
ߚ௜,଻ -0.001 -0.097 0.179 0.171 0.173 0.141 0.217 0.064 0.335 -0.419
ߚ௜,଼ 0.112 0.012 0.034 -0.119 -0.086 -0.068 -0.039 0.222 0.051 -0.281
ߚ௜,ଽ 0.076 0.114 -0.030 -0.074 0.066 -0.032 -0.120 0.268 -0.160 -0.211
ߚ௜,ଵ଴ 0.067 -0.060 -0.139* -0.030 0.022 0.127 -0.067 -0.032 -0.103 -0.073
Note: * denotes significance at the 0.05 level at least. ߚ௜,௝  is estimated from the 
Multivariate VAR-EGACH model, it captures the lead/lag relationships between 
markets. A significant ߚ௜,௝  coefficient implies that market i lead market j. The 
equation of the model is written as follows: 
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The estimated coefficients for the volatility spillovers in the pre-crisis period 
were presented in Table 11. There are many significant volatility spillovers 
among markets. For own volatility spillovers, Japan, Hong Kong, UK, US, 
China is significant. For cross market spillovers, Japan, Hong Kong, United 




Table 11 Result of ࢻ࢏,࢐  from multivariate VAR-EGARCH model 
Pre-crisis period: January 2004 to December 2006 
 AU JP SG HK UK US ML PL CN TW 
ߙ௜,ଵ -0.059 0.151* 0.164* 0.184* 0.216* -0.267* 0.090 0.265* 0.260* 0.427
ߙ௜,ଶ -0.007 0.254* 0.244* -0.001 -0.012 -0.058 -0.035 0.229* 0.050 0.043
ߙ௜,ଷ 0.204* 0.108* 0.050 0.028 -0.086* -0.030 0.129* 0.244* 0.374* 0.183
ߙ௜,ସ 0.031 0.227* 0.474* 0.248* 0.181* 0.115* 0.018 0.227* 0.084 0.120
ߙ௜,ହ 0.023 0.280* 0.132* 0.281* 0.251* 0.171* 0.310* 0.075 0.141* 0.413*
ߙ௜,଺ 0.095 0.189* -0.095 0.297* 0.057 0.237* -0.042 0.154* 0.274 -0.380*
ߙ௜,଻ 0.205* 0.140* 0.260* 0.133* -0.151* 0.315* 0.054 0.249* 0.044 1.272*
ߙ௜,଼ 0.119* 0.200* 0.021 0.178* 0.160* 0.179* 0.067 -0.035 -0.064 -0.131
ߙ௜,ଽ 0.003 0.057 -0.008 0.241* 0.011 0.105* 0.149* 0.126* 0.196* -0.023
ߙ௜,ଵ଴ 0.193 0.149* 0.089 -0.144* -0.023 -0.181* -0.019 0.300* 0.450* 0.179
Note: * denotes significance at the 0.05 level at least. હܑ,ܒ   is estimated from the 
Multivariate VAR-EGACH model, it captures the asymmetric effect of volatility 
transmission. A significant positive હܑ,ܒ  coupled with a negative ߜ௝  implies that 
negative innovations in market j have a higher impact on the volatility of market i 
than positive innovations. The equation of the model is written as follows: 
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Now look at table 12, ߜ௝  is negative and significant for Australia, Japan, 
Philippines, China and Taiwan in the pre-crisis period. Combined with a 
significant positive હܑ,ܒ, we found a series of asymmetric volatility spillovers 
across markets, such as the volatility spillovers between Australia and 
Singapore. In addition,  ߛ௜  is significant for all countries, this indicates that 




Table 12 Result of  ࢾ࢐ & ࢽ࢏ from multivariate VAR-EGARCH model 
Pre-crisis period: January 2004 to December 2006 
 AU JP SG HK UK US ML PL CN TW 
ߜ௝ ‐1.667*  ‐1.077* 2.510*  1.131* 4.067* 1.549 0.598* ‐6.268*  ‐2.041*  ‐0.970*
ߛ௜ 0.767*  0.768* 0.770*  0.778* 0.767* 0.795* 0.775* 0.767*  0.732*  0.487*
Note: * denotes significance at the 0.05 level at least. ࢾ࢐ & ࢽ࢏ are estimated from the 
Multivariate VAR-EGARCH model. The relative importance of the asymmetry effect 
is measured by the ratio หെ1 ൅ ߜ௝ห/൫1 ൅ ߜ௝൯ . ߛ௜ measured the persistence of volatility. 
The equation of the model is written as follows: 
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Table 13 displays the estimated coefficient of mean spillover equations for the 
post-crisis period.  The mean spillovers are significant for all countries except 
Philippines, which received significant own mean spillover and significant 
cross spillovers from Australia, Japan, Singapore, Hong Kong, United States, 




Table 13 Result of  ࢼ࢏,࢐ from multivariate VAR-EGARCH model 
Post-crisis period: Aug 2007 to December 2009 
 AU JP SG HK UK US ML PL CN TW 
ߚ௜,ଵ -0.166 0.003 -0.510 -0.048 -0.058 -0.790 -0.159 -0.254* -0.161 -0.302
ߚ௜,ଶ 0.264 -0.699 -0.164 0.237 1.106 -0.139 0.361 0.148* 0.427 0.161
ߚ௜,ଷ 0.117 0.568 1.118 -0.184 -0.288 0.471 -0.017 0.153* 0.153 0.577
ߚ௜,ସ 0.035 0.546 -0.102 -0.337 0.383 0.927 -0.163 0.262* -0.132 0.140
ߚ௜,ହ 0.334 0.099 0.453 0.048 -0.879 -0.407 0.090 -0.040 0.347 -0.077
ߚ௜,଺ 0.437 -0.176 0.163 0.193 0.680 -0.484 0.105 0.266* -0.146 0.489
ߚ௜,଻ 0.135 -0.149 0.062 0.343 0.228 0.284 -0.246 0.132 -0.423 -0.031
ߚ௜,଼ 0.277 0.074 0.063 0.576 -0.044 0.171 0.038 -0.098* 0.044 -0.511
ߚ௜,ଽ -0.353 -0.257 -0.315 -0.163 -0.755 -0.330 -0.099 -0.161* -0.306 -0.100
ߚ௜,ଵ଴ 0.049 -0.498 -0.158 0.334 0.963 0.209 0.150 -0.100* 0.424 -0.323
Note: * denotes significance at the 0.05 level at least. ߚ௜,௝  is estimated from the 
Multivariate VAR-EGACH model, it captures the lead/lag relationships between 
markets. A significant ߚ௜,௝  coefficient implies that market i lead market j. The 
equation of the model is written as follows: 
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The estimated volatility spillover coefficients are presented in Table 14 for the post-
crisis period. The own volatility spillover coefficients are significant for all countries. 
For the cross volatility spillovers are also much broader than before the crisis. 
Countries receive significant volatility spillovers from almost all the other countries. 
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Only Philippines and China received relatively few cross volatility spillovers. This 
fits into the fact that the two countries are less affected by the global financial crisis. 
Table 14 Result of ࢻ࢏,࢐  from multivariate VAR-EGARCH model 
Post-crisis period: Aug 2007 to December 2009 
 AU JP SG HK UK US ML PL CN TW 
ߙ௜,ଵ 0.560* 0.184* 0.335* 0.157* -0.104* 0.283* 0.264* 0.144 0.249 0.237*
ߙ௜,ଶ 0.246* 0.316* 0.173* 0.309* 0.347* 0.242* 0.137* -0.045 0.253* 0.257*
ߙ௜,ଷ 0.197* 0.255* 0.378* 0.158* 0.411* 0.222* 0.284* 0.023 0.300 0.316*
ߙ௜,ସ 0.302* 0.156* 0.327* 0.320* 0.238* 0.270* 0.201* 0.168 0.136 0.235*
ߙ௜,ହ 0.085* 0.316* 0.174* 0.166* 0.458* -0.022 0.258* 0.120 -0.236 0.253*
ߙ௜,଺ 0.248* 0.162* 0.170* 0.266* 0.074 0.444* 0.249* 0.127 0.128 0.250*
ߙ௜,଻ 0.274* 0.261* 0.328* 0.324* 0.276* 0.251* 0.576* -0.092 -0.270* 0.267*
ߙ௜,଼ -0.067 -0.160 -0.191 -0.224* -0.336* 0.140 -0.213* 0.352* 0.183 -0.378*
ߙ௜,ଽ 0.243* 0.225* 0.304* 0.182* 0.544* 0.483* 0.188* -0.338* 0.393* 0.321*
ߙ௜,ଵ଴ 0.346* 0.244* 0.222* 0.239* 0.230* 0.315* 0.300* 0.006 -0.299* 0.471*
Note: * denotes significance at the 0.05 level at least. હܑ,ܒ   is estimated from the 
Multivariate VAR-EGACH model, it captures the asymmetric effect of volatility 
transmission. A significant positive હܑ,ܒ  coupled with a negative ߜ௝  implies that 
negative innovations in market j have a higher impact on the volatility of market i 
than positive innovations. The equation of the model is written as follows: 
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Now look at table 15, ߜ௝ is negative and significant for Japan, Hong Kong, UK, 
Malaysia, Philippines and China in the post-crisis period. As there are more 
significant positive હܑ,ܒ in the post crisis period, series of asymmetric volatility 
spillovers across markets are broader during this time. Same as the pre-crisis 
period,  ߛ௜  is significant for all countries, this indicates that volatility shock is 
persistent for all countries. 
The comparison of the mean and volatility spillovers before and after crisis 
indicates that the connections among Asian securitized real estate markets 
increased after the global financial crisis. This conclusion coincides with the 
results in the stock market literature. It also suggests the diversification benefit 




Table 15 Result of  ࢾ࢐ & ࢽ࢏ from multivariate VAR-EGARCH model 
Post-crisis period: Aug 2007 to December 2009 
 AU JP SG HK UK US ML PL CN TW 
ߜ௝ 1.080 -5.338* 3.625* -6.218* -1.966* 0.310 -0.526 -0.197 -0.751 0.671
ߛ௜ 0.772* 0.777* 0.780* 0.776* 0.779* 0.777* 0.772* -0.113* 0.435* 0.766*
Note: * denotes significance at the 0.05 level at least. ࢾ࢐ & ࢽ࢏ are estimated from the 
Multivariate VAR-EGARCH model. The relative importance of the asymmetry effect 
is measured by the ratio หെ1 ൅ ߜ௝ห/൫1 ൅ ߜ௝൯ . ߛ௜ measured the persistence of volatility. 
The equation of the model is written as follows: 
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4.4 Summary of the Chapter 
The second part of empirical investigation of multilateral mean and volatility 
spillovers among ten securitized real estate markets is presented in this chapter. 
The major finding is summarized as: 
(1)  The full period results indicate that the Asian developed market have 
more influence in securitized real estate mean and volatility spillover 
than emerging market because they have stronger financial linkages 
with outside than emerging markets. 
(2) The volatility spillovers among Asian securitized real estate markets 
increased significantly after the recent financial crisis, which 
demolished the diversification benefit of real estate. 
(3) The impact of positive and negative innovations on the volatility 
spillovers is asymmetric. It confirmed the increased co movement after 
the crisis. 
(4) After stripped the stock market return out of the securitized real estate 
return, we found the VAR-EGARCH analysis of the pure real estate 
return have similar results as stated above. Therefore, we can conclude 
that the volatility spillover effect is a real estate specific phenomena 




Chapter Six: Conclusion 
6.1 Summary of main findings 
This study investigates the time varying mean and volatility spillovers in 
Asian securitized real estate markets with the consideration of individual 
regime switching characters and multilateral mean and volatility spillovers of 
real estate returns. The major findings of this paper can be summarized as 
follows. 
The Asian securitized real estate market has been growing quickly recently 
and become an important investment vehicle in the financial market. 
Descriptive statistics showed that there tends to be a comovement among 
Asian securitized real estate markets, all the volatilities of these markets are 
high during the 2007 period. 
Individual analysis of Asian securitized real estate showed the existence of 
regime switching in the securitized real estate returns. We found two common 
high volatility regimes for the ten markets, the time of which is around 1997 
and 2007, which is coincide with the two financial crisis.  
The results of Synchronization indicators suggested that China, Taiwan and 
Japan appear to be more synchronized together than with other countries. The 
average length of synchronization period is shorter for China, Taiwan and 
Japan than for other countries. 
Multivariate study of mean and volatility spillovers in the sample period found 
multilateral significant spillovers among the Asian securitized real estate 
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markets. We also found  the Asian developed market have more influence in 
securitized real estate mean and volatility spillover than emerging market. 
 We also set the break date of the recent global financial crisis from the results 
of previous generalized SWARCH model and did a comparison of pre- and 
post- crisis analysis of the Asian securitized market spillovers. Coinciding 
with previous stock market literatures, we found that the volatility spillovers 
among Asian securitized real estate market increased significantly after the 
crisis. The findings that the negative innovations have larger power in 
volatility spillover than positive innovations also confirmed the comparison 
results. 
6.2 Research Implications 
This research has several implications: 
First, since regime switching characters have been confirmed, researchers are 
suggested to consider the regime switching behavior in modeling the 
securitized market return. 
Second, the result that China, Taiwan and Japan appear to be more 
synchronized than with other countries indicates investors should try to avoid 
including these markets in the same portfolio to get more diversification 
benefits. 
Third, the fact that volatility spillover among Asian securitized real estate 
markets increased significantly suggests the international diversification 
benefits of securitized real estate tend to decrease during the financial crisis. 
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6.3 Contribution of Research 
As expected, this research contributes to the literature in the following aspects: 
(1) This paper added some empirical evidences about the real estate 
market interdependence to the real estate literature, which contributed 
to the inadequate researches about the spillovers in securitized real 
estate markets.  
(2) The studies of the most recent global financial crisis confirmed the 
increase connections after the crisis and contribute to the financial 
crisis literatures. 
(3) The division of the financial crisis period is determinedly by the 
generalized SWARCH model. Previous literature tended to segment 
the period manually, the result provided by the generalized SWARCH 
model is more precise. 
(4) The studies about the Asian securitized real estate markets inter-link 
age are relatively few. Including four Asian developed and four Asian 
emerging markets in the study, this paper provide more empirical 
evidence to the literature and gave some hints about the international 
real estate diversification to the investors. 
(5) This paper includes both individual and multivariate analysis for the 
mean and volatility spillovers of Asian securitized real estate returns; it 
provides an integrated evidence to the literature. 
(6) This paper conducted the robustness test of stripping stock market 
return out of the securitized real estate return to get the pure real estate 
return. The results of general SWARCH model and VAR-EGARCH 
model are similar to the findings of securitized real estate.  Therefore, 
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the results are driven by the real estate market effects and our research 
contributes to the literature. 
6.4 Recommendation for future study 
The future recommendation for future study can be: 
First, the data only includes four developed and emerging real estate markets, 
the implications from the limited sample is limited. Future research can 
include more Asian countries or countries in other continents for comparison. 
Second, the regime switching GARCH analysis of this study is limited in the 
univariate real estate returns. Future research could try to use bivariate or 
multivariate regime switching GARCH models to explore the relations 
between different markets. 
Third, this paper only considered the securitized real estate, however, the 
influence of the subprime crisis spread to both direct and indirect real estate 
markets. Additional study in the direct real estate sector would add more 
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